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ABSTRACT 

An analysis of the types eye rrov^ments of 
subjects viewing motion picture films anFj toielossons reveale«l a 
continuum of moverrents. Two of the intervals of this continuum (No 
Observable Movements anr^ Hinimovements) wore found to be relatra to 
intel 1 igence. The factors of aqe and learninq did no^ correlate with 
any of the indices. Subjects in the experiment were selected ^rom 
grades 6# 8, and 11; they were divided into nine cells of six 
subjects each, ^our types of films weie selected for the stimulus 
material and were shown as one ninetern-minute film. An analvsis of 
where the subjects called the density analysis, shoved th;^t 

subjects looV,rd at a few vell-def lu'^d areas of the screen, Results 
from the densitv analysis are suqgestjye for produc^^rs educational 
films and telelessons, as various scene variables ar^ influent^;,! 
where the subircts look. In addition, since differences in vievina 
patterns occurred between the suharoups of aqe and TO, these croups 
should also be tah«^n into con si dera t i cn in the stimulus development. 
Appendices contain forms and tests used in the experiment and 
experimental data resulting from it. ( 1 ^) 
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The objectives of tliis research were (1) to verify vzhether a 
continuv.n of eye HiOvements exists for subjects viewing motior. picture 
films ana telelessons , (2) to determine what effect, if iTy, lIt.t. lus 
characteristics and the subject characteristics of age aiiJ iidtJ i- 
gence have on the ey«}-movement indices, (3) to detenrdne the rclatic > 
ship between subjects’ recall of the stimulus and their eye-:, j/erent 
indices,* and (4) to dotennine where the subjects look when thz s 
lus is presented and whether their viewing pattern is influenced, by 
certain stimulus and subject variables. 

Subjects in the sample were selected from grades 6, 8, ani 1] of 
the Columbus, Ohio public schools. They were screened to eliminate 
individuals v/ho had defective hearing or who failed to meet the re- 
quirements for normal, uncorrected vision, The seoiiple consisted of 
tiiree grade levels vdth three IQ groups in each level, A total of 54 
subjects provided six subjects in each of the nine cells in the initial 
sample although the sample was later reduced because of technical 
difficulties. Four types of films were selected for the stimulus 
material and were ccciblnsd into one nineteen-minute film. Each scene 
in the stimulus film was classified on the variables of motion state, 
complexity, novelty, clarity, number of attention centers, ambiguity 
of meaning, unity of elements, arouGal characteristics and auditory 
elements. Two tests were constructed to measui'e the subjects' recall 
and u/iderstanding of the stimulus film. One of the tests measured the 
subjects' recognition of the visual portion of the stimulus and the 
other measured the subjects* recall and understanding based upon an 
integration of the visual and auditciy portions of the film coiribined. 

IQ scores v;ere obtained by Henmon-ilelson group tests adjninlstered in 
the public schools, Each subject was brought to the experimental 
laboratory and presented the stimulus film while his eye movements were 
recorded with a maUfied Mackworth corneal reflection apparatus. He 
was then given a post-test. Data were recorded on film during each 
experimental session and then transcribed from film to computer tape 
by a film scanner which was under computer control. Statistical tech- 
niques used in the study of the eye-movement indices were mainly 
analysis of variance and multiple regression. J>peclal programs were 
developed to determine where the subjects look. 

The analysis of the types of eye movements revealed a continuum 
which was divided into four fairly d.stinct intervals. These inter- 
vals were defined as follows: No Observable Movements (0-4 .2''/second ), 

Minimovements (4.2-11.4"’/second) , Smiall Saccades ( 11, 4-47»4 ^/second) , 
and Large Saccades (above 47*4®/second). It was found that intelli- 
gence is related to the first two types of indices (No Observable 
Movements and Minimoveir.ents ) but that age and learning are not related 
to any of the Indices, Certain scene variables, particularly motioTi 
state, affect the eye movement indices. 
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An analysis of where the sub jeci s look, called the density ..-icalysir, 
showed that subjects look at a few well-aefined areas of the screen. 

The objects they viev are influenced by certain scene variables. For 
exaiiiple, they look at filled spaces lather than unfilled spacer, con- 
centrate on a single object when it is .surrounded by a blank space and 
divide their attention among many objects when they are present uiiess 
there is a novel object in the scene. When a novel object is pr.-.ient, 
they look at that object in preference co the familiar object. Several 
other aspects of the scene are influential. Also, differences in view- 
ing occur between High IQ and Low IQ groups and High Age and Low Age 
groups for certain types of scenes. 

The findings have implications for researchers as well as pro- 
ducers of educational films and telelep?ons. One implication is that 
researchers should not continue to classify eye movements into the 
dichotomy of fixations and saccades but rather sho>ild use a continuum 
of movements. Further research on the types of eye movements and the 
function of these eye movements is suggested. Results fron the density 
analysis are suggestive for producers of educational fiJms and tele- 
lessons. For example, various scene variables are influential on where 
the subjects look. These scene variables should be taken into account 
when a film or telelesson is being developed. In addition, since 
differences in viewing patterns occur between the subgroups of age and 
IQ, these groups should also be taken into consideration in the stimu- 
lus developnent. These Implicationr and others are presented in the 
Discussion Section of the report. 
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CFIAPTER I 



BACKGROUND FOR THE RESEARCH 



Dewey has made a useful distinction between a problem and a task. 
According to him, a task is where the objective is clearly defined and 
all that is necessary is to find the means to reach the cb'ective. On 
the other hand, in a problem neither the objective nor the means for 
reaching it is clearly in view. Ihe present study would htve to be 
classified as research on a problem. The state of the field and tech- 
nology at the: time this research was begun made both the end and the 
means to obtiiin it unclear. As a result, the problem as staged in the 
proposal has changed over the course of the research. Technical equip- 
ment '’j iculties cai^sed numerous delays in the project as well as a 
few changes in the questions proposed for analysis. During these delays, 
experience of the staff as well as new research findings from these and 
other researchers caused a reconceptualization of the study. Thus, it 
might be said that over the course of the past few yerrs the resea uh 
problem evolved, so that by the time of data analysis the quest ices being 
considered were sliglitly different. It is believed by the project .^taff 
that the end result is a more realistic statement than the one or .^[eilly 
proposed. 



THE PROBLEM AS IT VJ/iS STATED IN THE PPOIOSAL 

Controlled research on fields such as television and motion pio ures 
has been limited by their dynamic and multi-variant nature. For exfc ple, 
if it is desired to compare the effects of two types of scene change -, 
it may be found that one scene is preceded and followed by subject mucter 
and events of an entirely different or:*er than another type of scene. 

If one were to control for all of the possible variables Including, for 
exajTiple, the components of a scene, the arrangement of the components 
within a scene, the sequence or ordering of the scene, the perspective 
or the angle of view, the pace or the frequency of events, and the clarity 
with which the real world is portrayed, an impossible number of studies 
would be needed. Such a research effort would be unreasonable In view 
of the expense involved in motion pictures arid television productions. 

As a result, many of the decisions made by producers about the inclusion 
and manipulation of various variables have been, vf necessity, subjective. 
The development of these programs is seldom atheoretical since most pro- 
ducers have an assumed, but often unstated, theory. Most of these 
theories, how^ever, are untested. 

In the proposal for this research the state of the art of teUvision 
was recognized: 

It wo^jld seem reasonable to suppose that advances in our 

iedge of the device (television), its uses, and its users, 
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would have kept pace vrith its rapid development, hut this is 
far from the case. Mc>re than a decade of v?ide-spread and 
well-financed research activities has yielded little definite 
information. 



Obviously a great deal of basic, descriptive work remains to 
be done in order to lay the fouidation for the more theoret- 
ical and hypothetical research which will \LLtimately follow. 

Such studies need to be undertaken in a variety of areas 
beginning with the single perception of the image on the 
television screen and ranging to complex interpretations 
hinging upon personal and social factors. 

In view of these difficulties, and in order to narrow the variables 
to some meaningful number, it was decided that perhaps the most fruitful 
research would be of subjects* eye movements while they viewed educational 
television or Er>tion pictures. 

Eye movements present an unusual opportunity for finding out the 
reactions of viewers to a visual stimulus. They give information on 
where the subject is looking, how long he looks at a particular area, 
how often he looks at particular objects eind the types of movements he 
makes. Carpenter has postulated a theory In which a person’s thoughts 
tend to be shown in certain small muscle movements. His theory suggests 
that some types of eye movements may be indicators of the subject's 
immediate response to a visual display. This reaction is different from 
giving the subject a printed test or asking him In an interview what he 
has learned from the stimulus. Subjective reporting has been shown to 
be difficult to use in determining the visual scanning patterns of the 
individual. The reason for this is that information entering through 
the visual perceptual system is extensively filtered and processed before 
reaching the higher centers. This selective mechanism has been demon- 
strated by LI ewolLyn- Thomas in studies of people performing tasks such 
as driving autoroblles or landing aircraft. These indlviduaLls made many 
eye movements and fixations which they could not remember and did not 
realize they had made, but upon which they had based their motor responses. 

Quoting from the proposal for the pilot study which pr^i'eded this 
investigation, an analogy with reading was used to show the jossible 
value of eye movement studies. 

It seems reasonable to suppose that studies of eye rovements, 
similar to those conducted in the area of reading, would 
reveal facts leading to a better understanding of how people 
view television. An early finding of the reading studies was 
that eyes do not move in a continuous sweep from loft to right 
across the page when the person is reading regular t>p>e, but 
rather riove in a scries of quick, short rx^vcrr.cnts and fixation 
pauses. 111 is fact threw liglit on the way that people read 
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and led to a rc.^clut: onary change in methods of teaching 

reading. 

Th\is the investigators early postulated that eye-movement studie.? in 
television mi^t be as fruitful as the eye-movement studiei in reading. 
Although the analyses of the data from the pilot study was not cc^rrpletei 
when the proposal for this research was written, the preli’nlr.ary findirgs 
from the pilot study appeared to support that assertion. 

The data films from the pilot study were of rather poor quality 
because of technological difficulties; however, the films were informa- 
tive arid Giiggestive, In that study^'^ the films were analyzed by hajid 
on a slow- speed projector and a sing] e-fi‘amc film viewer, Vievrings of 
the data by means of the s low-speed projectoi revealed that there was a 
marked ^’clustering’^ of the eye marker,* It was quite striking how 
strongly the eye markers were concentrated in a few well-defined areas, 

A descriptive analysis was made of the objects observed by the subjects 
and the duration of each observation in order to describe the attention 
value of the visual stimuli. Such distributions revealed what may 
operationally be regarded as the center or centers of attention of the 
scene. The total length of tine that the eye marker appeared in each 
area, as well as the number of times it entered the area, were recorded. 
Only one educational telelesson (a discussion and dcmionsti ation of 
health habits by a narrato:i' arid a fast-piced sequence appended to it) 
was used as the stimulus material. 

In that study when a narrator was present there was a definite tend- 
ency for the subjects to focus on )iis f. ce. fi;e narrator’s liands v;hen 
holding an object and areas liseuLoel \ f the HeU'rator were also compelling. 
Since many educational teleles^ous a *o oased ipon a classroom teaching 
situation with a narrator present, it was decided that it would be impor- 
tant in this study to dcteimrdne if a iiarrator in another situation would 
attract the same attention. 

In addition to tic findings with re gard tc the "cl\)stering” of the 
eye marker, other types of phenomena v;ero obser^^cd. When the fast-paced 
sequence vras shown, mjcst subjects attcrr»pit.cd to lollow the moving objects 
when they first appeared on the screen. Their initial tcndenc. to look 
around at the objects was soon replaced by a central fixation; that is, 
the subjects selected u point Jicar the center of* the screen and continued 
to focus approximately on that j oint. It aj-j eai'cd that following the 
highly dynamic scene was such a demanding task that j orhans instead of 
fixating centrally, the viewer atlemi ted to utilize j crijhcral vision in 
; ecping abreact of events in the vis jal fieli. However, on questionijig 



J^ihe eye marker is the image of a small sj : t <1* liglit superimposed over 
the part of the stimulus r/itcrial nt \fhi :h ^ is lc*okl-r. It 

is formed by a light bean refir 'Ic J fi\ t t: v .mI c *:• of the srhject, 
which moves as the subject’s eyes hkvc. 
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the subjects after the X’re^entatioa t’.'-cy did not recall the specifics 
of vrhat was in 'h* visual field. 'Hus, tlie behavior appeared not to be 
a iriC'thod of coping v/ith, but sincJv a surrender or vrithdi'av:al from, an 
VAj i s s ib 1 e t a sk . 

The term ^^b.i oo.ning^^ was used to characterize another phenomenon in 
the eye rnovemicnt repcnses of the children. The marker, always sharp and 
clear after initial calibration, enlarged and diffused temporarily at 
later times in the viewing. Some of these distortions may be accounted 
for by helmet slippage caused by excessive head movements, but others 
were clearly and distirxtly the product of movements or translations of 
the eye back and forth in its orbit. Ihreliminary observations, including 
a simulation of the effect by some of the project staff members, indi- 
cated at least two possible sources of the phenomenon; i.e., (l) flagging 
attention and (2) aural-visual conflict as the subject strained to hear 
what was being said at the expense of seeing the display. TJie research 
staff thought it conceivable that this phenomenon, T^iien better under- 
stood, might be utilized as an attention index, the application of which 
is apparent. 

Observation of the film records also revealed differences in the 
viewing patterns of high- and low-intelligence children. The low- 
intelligence subjects spent a significant proportion of the time off- 
screen entirely# The eye-movement patterns of high-intelligence subjects 
appeared to be characterized by a high frequency of movements, sharp and 
saccadic in nature. The low- intelligence subjects were characterized by 
slow "sliding” movements rather than saccadic responses. 

'The objectives stated in the proposal for this research project were 
based in large part upon these preliminary findings from the pilot study. 
In general, the objectives were (l) to extend the study to a wider sample 
of television content and to a wider age sample in order to determine 
the effects of the stimulus and matiority on eye -movement ]»atterns, and 
(2) to refine and test the hyxxtheses suggested by the pilot data, 
specifically those dealing with intelligence differences, "blooming," 
"turrender," and such other pattern variables which might still emerge 
as data analysis of the pilot stud^' was completed. 

From there objectives, several questions served as the foci for the 
study. Pepresentative of these questions were the following: (l) Are 

there differcriCes in the ex-movement patterns of children of different 
matuxity loveis in terms of the objects that attract or distract them 
and in terns of the "standnrd" eye-ryovemont measures {c.g., flxmtion, 
frequency, inter-fixation distance, and pause duratiem)? (2) Are there 
differer.ces in eye-movement responses to varying types of stimulus 
material, rpecifica] ly to four different ty(cs of films? ani (3) fX) the 
’^looming' and "surrender" phenomena observe 1 in tlic pilot data * :ear 
in the nc*^* data? 

Experience as well as methodological difficulties resultei in a 
modification of the conceptual framework by the time of data enalyt'ls, 
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The major changes that occurred included a refinement of the eye -movement 
indices based upon the data analysis from the pilot study, a refinement 
of the stimuli in terms of variable classification for each scene within 
a film, and the elimination of the "blooming” phenomenon from considera- 
tior in the study. 



HOW THE PROBLEM CHANGED 

Types of Eye Movements 

Shortly after the proposal had been submitted to the United 
States Office of Education, the project staff completed an additional 
analysis of the data from the pilot study. The analysis was accomplished 
by means of a single-frame viewer which required tedious plotting of the 
distance the subjects* eye markers moved from frame to frame. Only a 
few scenes could be analyzed on a few subjects because of the time- 
consuming task of plotting the data. Each scene took many weeks of 
plotting; however, this part of the data analysis was extremely reveal- 
ing. In the past, in educational studies of the eye movements of chil- 
dren (usually while they were reading) the results had been reported in 
tenns of fixations and saccades. Lroring a fixation, the eye is stopped 
on seme point of the stimulus field while during a saccade the eyes are 
moving sharply frem point to point. Most of the eye -movement indices 
reported in these educational studies were geared around these two 
indices, particularly the fixation; e.g. , fixation duration, interfixa- 
tion distance, saccades, and regressions (saccades backwards). Since 
the reporting of these indices had been so predcmlnant in the educational 
and psychological literature, it had been anticipated that only these 
types of movements would be found in the pilot study. It became evident 
from the analysis of the data, however, that indices based on the "stand- 
ard" fixation concept would be inadequate. All of the observable data 
could not be classified as either fixations or saccades. Rather, an 
appreciable number of the eye movements fell between these two extremes 
and represented various intervals along a continuum of movement. The 
lower extreme of this continuum, analogous to the fixation of other re- 
searchers, was termed No Observable Movements (NOf’lS) since it was assumed 
that physiological nysta^nic-type movements would have been observed had 
the project staff used even finer instrumentation. At the other extreme 
of the continuum was the saccade --the same type of movement as was ob- 
served by other researchers. Between these two extremes were observed 
three types of movements. The smallest of these was so small that it 
was barely perceptible through the use of a single-frame viewer. Had 
the researchers been satisfied simply to use a sla<^-speed projector and 
note where the subjects looked, they wtrild not have observed tVds move- 
ment. It was only after several successive frames had been exfr lned on 
the single-frame viewer that the analyst could ascertain that ore of 
these movements had occurred. On then going back and rechecKlng frame 
by frame, it was evident that the position of the eye marker had ob- 
servably changed between two successive frames, and that the distance 
between positions was usually much less than the diameter of the eye 
marker (approximately 1 degree). These movements were termed Minlmove - 
ments (MINS) by the project staff. It is important to note that the 
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MUJS were different fVora nysta^nic-type movements in terms of velocity 
and range. The MINS ranged from a total of 15*^ of arc to around 30^ of 
arc over several frames. Also, they did not appear to he random in 
nature and thus probably did not result from instability i?i the neuro- 
motor system. Rather, they appeared to be related to the ; timulus field. 
It seemed that the Minimovements were used to track outlines or 
contours of displayed objects. The reliability of the Mackworth caraera, 
however, is about 1® and did not allow a precise statement to that effect. 
The Mini movements occurred on static as well as dynamic fields. 

Another movement was similar to the eye movements reported in 
studies of visual pursuit of a moving point. As reported in these 
studies, the eyes move at a rather constant rate with slow velocities of 
the stimulus, and as the stimulus velocity is increased, the eye move- 
ments begin to alternate with saccades \antil, at high velocities, the 
eyes follow the stimulus solely by saccades. It was not anticipated 
that eye movements of the same descriptive nature as the pursuit move- 
ments would occur except where objects were moving through the field* 
However, movements similar to these pursuit movements (termed by the 
project staff "small slides") did occur at other points on the stimulus 
field when a moving object was not present. They also occurred when 
moving stimuli were present, but not as often as might be expected. 

Similar types of movements, but of a faster velocity and covering a 
greater distance, were termed "large slides". 

In review, the eye movements that were observed in the pilot 
study, along with their definitions, are presented below. It should be 
noted here that the diameter of the eye marker was used as the opera- 
tional \init of extent. This diameter corresponds to about 1® of visual 
arc, 

1* No Observable Movements (NC^^IS) . In operational terms, the 
position of the eye marker did not observably change between 
two successive frames. It is assumed that this index 
includes most of the drifts, small tremors, and physiolog- 
ical nysta0uus noted by researchers in such fields as 
electrical engineering and opthalmology . 

2, Minimovements (MINS) . The position of the eye marker has 
observably changed between two successive frames, the 
distance between positions being less than the diameter of 
the ey 'varker and ranging from 15 ^ to 30 * of arc, 

3« Slides (large and small) . The jositioii of the eye marker 
has ob servably^:h an ged "between three successive frames a;\d 
the distance between the first and second positions, and 
the second and third positions is each greater than the 
diameter of the eye marker. 
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K, cades . The position of the eye marker has observably 
ch'.nged between tv:o successive fi’anjCSj the distance 
botv^een positions being greater than the diairieter of the 
eye narker, but the distance traversed by the eye riarker 
before and after this event being less than the diame' er of 
the eye marker. 

The observation of these various eye movements, several of which 
were different from the ones reported in studies of reading, still pic- 
t U ‘0 3, and motion pictui’es, prompted the staff to search even fiurther in 
the literature in other fields. It was found that researchers in fields 
such as opthaliTiology, optometry, medical electronics, electrical engi- 
neering, and aviation medicine, have also reported eye movements that fall 
into categories other than fixations and saccades , These categories are 
varici uly listed by several scientists including Alpern,^ Yarbus,^'^ 

and others. One of the most complete categorizations of the 
types of eye movements has been presented by La^orence Young, ^ A summary 
of the eye movements he lists which are relevant to this study follows: 

1, Nystagnus , A large class of eye movements of an unstable 
nature. Among the most coirmon types are optokinetic, 
vestibiO.ar, vond Gpontaj:eous nystagmus. Optokinetic nys- 
tEigmus occurs wiien a visual field is moved continuously 
past an observer. The eyes move with the field and 
rapidly return to a central position in a movement of a 
saccadic nature and continue their smooth travel in the 
direction of the notion of the field. Vestibular nys- 
tagmus is a combination of compensatory movements, oppo- 
site to the acceleration, and returning saccades* Spon- 
taneous nystagmus may be a sign of oculomotor, vestibular, 
or nervous disorder, 

2, Rolling or torsional rTiOvements , Movements of the eye about 
the line of gaze which are involuntai'y and compensatory 

in nature, 

3* Miniature movemen ts. Movements of less than 1® in ampli- 
tude which arc observed (hiring the fixation of a stationary 
object. Drift, flick, ajid tieroor are associated with these 
movement s , 

I Mr su i t inov erne nt s . Slow tracking movements of 1** to 30® 
per second with which individuals follow a slowly- moving 
object. According to Young, these rx)vements cannot be 
executed in the absence of a moving object, 

5* Sac cadic or fast eye moverients . little juTips by which the 
person voljjitai’ily rjoves his eyes conjugately froa one 
joint to another. They r^ay be larger than and are 
usually 120 to 2!K> msec in reaction time. The velocity 
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may be as hi^h as COO'^ per second for very large excia-- 
sions rciowQrc.ent is terminated by rapid deceler- 

ation. 

These last three- catogcries of Yoi.ng*s list are quite siini^ai' to the 
iiininovements , slide s, and saccadcs rexx:?rted in the pilot study. 

Perhaps one of the reasons that most educational researchers 
who studied eye-moveiaent responses to reading have not ropoi^tei indices 
other t]ian fixations and saocaies is that subjects reading printed 
materials may have used no other eye movements. It is more likely, 
hcT/?ever, that the type of instrumentation used for reading out the data 
in those stxidies has caused the researchers to overlook movements that 
were actually there. The data produced by their instrumentation was 
often in the fom of line graplis where small movements were not so evi- 
dent. A change of a few seconds of arc in movement might not have been 
noticed under those circumstances. The apparatus used in the pilot study 
V the Mackvorth Camera which produces the eye marker superimposed over 
the stimulus material. Thus, even miniature znoverr.ents of the eye marker 
could be noticed by looking at the marker in reference to the stimulus 
underneath it. 

One imporbant purpose of the present investigation was to ver- 
ify the presence of the various eye movements on a much larger sajnple 
with a more refined rLSd-out. The read-out system used for precisely not- 
ing the position frorr, frame to frame is explained in the Chapter on 
Procedures, This read-out allowed the staff to observe any covernent 
larger than 3 minutes of arc that took place, and to detemine if there 
were data that fell into specific intervals and if these intervals coin- 
cided with the data fretn Young’s study and with the pilot study. 

The dnta ficn the pilot study were obtained by an observer’s 
"eyeballing” the eye r.^^rker from frame to frame and measuring the dis- 
tance of any movement, 'ilie data read-out in the present investigation 
Involved computer read-out on a much finer grid. Thus distance and velo- 
city woiild be meas\irc I with greater precision, iVen though the two 
studies differed in rijlhodolog^/, m approximation of the findings from 
the first study should be possible. 



Movenenl s Learning 

One reason that it aj'penred relevant to verify tl.e existence 
of the types of eye my/cments was the possibility that \he r/uVements 
niglit be related to individual’s recall of the stimulus trese!\lcl. 
Although no relationship was found between the measure of recall of the 
stimulus material tsud the eye movements in the first stu(lv , the principal 
investigators reasoned that j erhaps the iy]Q of lest constricted was 
responsible. The test developed for that sturdy consisted of a ty;c- 
false instrument based upon integration of t!*e knovledi^e the subject 
gained from both the visual and auditory portions of the fiLn, Subjects’ 
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resj^onses to a few item? on the post-test for the pilot study indicated 
that when the visual and auditory portions of the film were contradic- 
tory* the subjects tended to remember the visual instead of the auditory 
pjortion of the telelesson, Iherefore, it is possible that rec’;Al of the 
visual portion of the telelesson should have been measured srpatf-tely 
and the relationship of this recall to the subjects’ eye iriOve?.unls tested. 
Thus in this stud;/, ari attempt was made to construct a better measuring: 
device through two tests--one a measure of the visual recognition lu d 
the other a measm'e of the visual and auditory recall combined. It v.»ns 
thouglit that if some link could be established with recall later studies 
could delve into the different types of learning and thinking as they 
relate to eye movements. 

Reinforcement during leaaming has been shown :o affect whe^ 
the subject looks. Studies by Uunnally and others^^ have shown that idle 
mean time spent looking at a rewarded sti/rralus was significantly greater 
than that for other figures. Some investigators have also reported that 
operant conditioning affeets wiiere the subjects look. In additiori, White 
and Plum,"^"' in a study of trial and error learning, noted that eye move- 
ments increased in number as learning approached optimiom and decreased 
thereafter, Brandt^ reported eye-movement data for subjects solving 
geometry, algebra, spelling, and geography pi'obleras, ]\e reported that 
certain s .bjects had fewer fixations, and fewer excursion type of eye 
movements per correct solution if they were superior in achievement than 
did their inferior comterparts. 

None of the above-mentioned researchers has investigated the 
various types of eye -movement indices as they relate to learning. The 
present investigators surmised that since the MINS and of the pilot 

study were so highly related to intelligence they mi^t also be related 
to the learning of the subjects. This was assumed because of the rela- 
tionship usually found between standardized intelligence tests and learn- 
ing as measured through achieve^Lent tests. Thus one purpose of the re- 
search was to study the relationship of recall to th? eye-movement indices. 



Relationship of Eye Movements and Intelligence 

A relationship between eye movements and intelligence has been 
reported by a number of investigators, Anderson,^ in a study of children 
while they were reading, found a difference in the eye movements of good 
and poor readers. Wcrtfcver y when he partlalled out the factor of intel- 
ligence, the difference no longer existed. Thus, intelligence was the 
contributing variable, Guba and Wolf^^ faand a sizeable correlation 
between some of the eye-novement indices of subjects In the pl}ot study 
and intelligence as measured by the California Test of Mental Maturity. 
They found that MIH3 had a correlation coefficient with total IQ scores 
on that test of -.70, significant at the .01 level, and that N0?'S 
correlated .61 with the same test, significant at the .05 level. 
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A major purpose of the present research v?as to attempt to 
verify this finding hy including a sample vlth suujects of high, middle, 
and loA-; intelligence levels and to test the di.fferences in their eye- 
raovement indices. Since children with intelligence as low as those 
found in the pilot sample of fourth graders had dropped cut of school by 
the time of the grade levels used for this study (junior and senior high 
school), the sample was, of necessity, restricted to children with IQ scores 
ranging from 9 0 to l40 , Ihis was exi^ected to inf luence the findings of 
the study since many of the major differences noticed in the first study 
were between hi^- and lov-IQ subjects when the low- IQ subjects had 
scores in the 70*s, However, it was felt that the testing of differences, 
even between groups usually considered average and above average on a 
normal curve, should give some indication as to whether intelligence is 
a factor Influencing the eye-movement indices of subjects, A further 
purpose was to determine if the intelligence level of the children influ- 
enced where they looKed, 



Maturation and Its Relationship to Eye Movements 

Maturation has also been shown in some studies to be a factor 
related to the eye -movement patterns of subjects. Studies which have been 
the most definitive in presenting information on this variable are those 
in the field of reading by Buswell,® E, Taylor,^^ S, Taylor, and 
Gilbert, Taylor's study in 1959 was the most comprehensive. He and 
other investigators from participating colleges miade a national survey 
to collect normative data on children. In the report of his study, 

Taylor points out that considering fixations and span of recognition 
together, fixations have decreased 50^ by grade 2,5> 1^ by grade 5*5> 
and 90^ hy grade 9* change in regressions lags approximately one 

year behind fixations in that a ^0% decrease has occurred by grade 3*4, 

75“^ t>y 6,2, and by 10,^4, Unlike fixations and regressions, a 50^ 
decrease In d^iration has occurred by grade 2.7 but it remains constant 
at 55“^ between grades 4,5 and 8.5* Seventy- five percent of the change 
has taken place by grade 10 and by grade 12,8, Busvell has stated 
that the eyes are fairly well stabilized by the age of 10, Thus few 
differences might be expected after that tine. However, Taylor's data 
indicate seme differences at the upper grade levels, although in his 
studies nxDst of the changes in eye patterns had occurred before the 
junior high schcol, l{is findings show that from first grade through 
college there is a change in eye- move micnt patterns end that in the upper 
grades there are fever fixations, fewer regressions, and shorter pause 
d'iTQtion, One p'urpcse of the t resent stu^iy was to determine if eye move- 
ment differences occur f;inong subjects at different age levels while they 
view the stirrulus fields of motion pictures md television. These fields 
are quite different from reading. The analysis would Include not only 
the differences in tyj es of indices but also differences in vliere the 
subjects look, Uuch analyses should help 1 reducers to determine what, 
if any, adjustments ere needed for age- level differences. 
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Stimulus /ariables as They Influence Eye Movemerits 

What one encoun^.ers, in a psychological sense, is depenient 
first upon the proc ability of physiological contact and second upnr. T.e 
probability of detecting what is contacted. The probability of physio- 
logical contact Js dependent, in large part, upon the physical char act: 
istics of the stimulus. It has been reported in various types of \dsual 
search that sane areas or objects of the stimulus are virtually ignored 
while others receive a large amount of eye fixations (Enoch, Cuba and 
Wolf,^** Kackworth and Morandi,^® and Tuddenham and Calvert VJhen the 
indi'^dual attends to his visual world, he tends to orient his eyes in 
the direction of his center of attention. Vihile attention is nob syn- 
onymous with visual orientation, since it is an inner state of the organ- 
ism (a state of cognition), it can be assumed that when the organism is 
attending to his visual world, the center of visual orientation cc^uld be 
used as an indicator of the focus of attention. 

One objective stated in the research proposal was to detenrir.'^ 
how different types of films might affect the eye movements of chililren. 
During the course of the scudy, research by other investigators and ex- 
perience of the present investigators led to a classification of the 
scenes on the basis of various variables. The differences in eye move- 
ments between such scenes were then tested for significance. 



What stimulus variables Influence visual orientation? Various 
investigators have shown that certain properties of the stimulus have 
inmense importance in attracting the eye fixations of the subject. 

Stimulus canplexity and novelty are two such properties (Berlyne,®>^ 

Faw and Nunnally,^^ Mackworth and Mor:mdi,^® and Meuney,^^). According 
to these researchers, subjects spend more time looking at the more com- 
plex and more novel stimulus of a pair. In another ?tudy supporting the 
importance of complexity, Zusne and Michels"® have ^ Iso shown that angu- 
lar complexities in polygon shapes attract more fixations than do straight 
lines. It should be noted that complexity attracts more eye fixations 
only up to a point, khen the stimulus becomes uxtreir »ly complex, the 
subjects may tend to avoid the stimulus or to fixate certrally.^ 

Among the other factors which appear, fror, the literature, to 
influence the probability of visual contact are motion state ^ ^ 
si7e,®>^^ and position with res]>ect to the individual. ^ Other factors 
related to the contrast of the stimulus with its surrour.dings arc also 
important. In the pilot stud;/ no significant differ oners were found 
between subjects* eye mover.onts on static and dyaiamic scenes, bit the 
s".enes were coryared from cnly one telclesson which had a mininujn ar OMit 
oi rx>vement. 
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Most of the studies on variables affecting eye patterns have 
used reading materials, stil^ pictures, or simple fields such as a single 
lighs source as the stimulus These fieids diffei' from motion pict^ores 
and television in that the Matter tv;o fiords are no:- e complex and know- 
lec^e about any single varia'^le by itscll does not yi/e information about 
the variable in relation to the highly ccrrplex field In this study, 
the field was purposefully l«-ft unstructured so that eye -movement 
responses of sub,iects in a n< turalistic setting ccul i be evaluated. 

Thus it was not the purix)se of this study to obtair nighly specific and 
controlled data on only one stimulus variable* Becai se of the numerous 
variables to be considered, a: well as the expense of constructing 
motion pictures arid television lessons, it was uecidea that a more fruit- 
ful study would be one in which an attempt was made to determine which 
variables need to be researched. Later the nature of each variable 
could be verified through a controlled study. This research was explora- 
tory in nature, with the control coining from sorting out the scenes so 
that they were as carefully defined as possible as to the variables con- 
tained within them. In this way, scenes which were similar could be 
categorized and their influence on eye movements compared. 

Of the vai'iables mentioned here, it was possible to include 
complexity, novelty, and motion state. The other factors could not be 
included because of their variability within a film. In addition, cer- 
tain other factors which various educators have indicated to be important 
were included, as well as those variables which appeared to influence 
visual orientation in the pilot stu<ly. The variables on which the scenes 
were categorized ai*e presented below with their definitions. 



1. Motion State, Static- -having no movement within the scene. 

Dynamic- -having movement within the scene. 



2. Complexity. Simple--haviiig single elements or single 
elements added to a simple scene pre- 
viously presented. 

Complex--having nurierous elements. 



3 . Kovelty. 



U, One Tyye of 
KoverfiCnt , 



Familiar--]>reviously present in a scene or 
an object corrmonly seen in the environ- 
ment, Generally assumed to be recogiiiz- 
able in a brief glance by most individuals. 

Novel--an object unfamiliar because it is 
con'^ionly seen in the envlronr^ent and has 
not been presented earlier In the film. 
Generally assumed to require close study 
for identification. 

Keversal--foregroiu'id ap] ears to be moving 
but actually the background is moving. 

Ko-rcversal- -foreground is moving , 
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Clear--all objects are in s^iarp focus. 

Unclear-- some or all objects are hazy and 
fuzzy in appearance. 

Unicenter- -having a single conceptual center 
to which visual attention is directed. 

Multicenter--having several conceptual centers. 

Ambiguous- -visuals having possible multiple 
meanings . 

Unambiguous--visuals having a single meaning. 

Distractive--has several objects which are 
not central to the purpose of the scene. 

Integrative --only relevant components are 
included. 



Tranquil- -scene has only a small amount of 
movement of the objects and the audio is 
presented through a nomal pitched voice. 
Arousal- -scene has a great amount of move- 
ment of numerous objects and the audio is 
raised high in pitch and frequency. 

In addition, some scenes were classified as to the type of audio used. 
The audio was classified as (l) not related to the stimxdus, {?) related 
to the stimulus with direct reference such as ”this wing" with the nar- 
rator pointing, and (3) related to the stimulus with indirect reference 
such as line runs from the front to the back of th^ aircraft." 

It was hypothesized that any change of the visuals might in- 
volve a change in the eye -movement Indices or patterns of viewing. The 
visual orientation may be accounted for by considering a large nuzriber 
of interacting stimulus, and subject, variables. One purpose of this 
research was to attempt to sort out those stimulus variables which make 
a difference in the eye-movement indices and patterns of viewing. 
Specific purposes with regard to the stimulus variables were (l) to de- 
termine the differences in the eye-movement indices of subjects for 
scenes with different types of classifications, end (2) to determine 
where subjects look when scenes with different classifications are pre- 
sented. 

CHAJJGES DUE TO MEWODOLOGICAI. DIFFICULTIES 

Before analysis of the data could be underta>;en, it was necessary 
to transfer the data from film to computer tape. In order to perforin 
this fimction and since this project was begun at a time when the ’’niled 
States Office of Education was not author ir.ed vo finance cquipmcnl for 
projects, a commercial finn was hired to perform the data read-out. A 



J 5. Clarity. 

I 

6. Number of 

I * Attention 

Centers . 

7. Ambiguity of 
Meaning. 



b. Unity of 
Elements. 



9. Arousal 
Character- 
istics . 





specification from the firm vms that the eye marker had to be 25 ^ brighter 
than the stimulus film. In order to meet these specifications, modifi- 
cations to the experimental system were necessary to boost the brightness 
of the e/e marker. This requirement eliminated the possibility of test- 
ing one of the hypotheses posed as a result of the pilot study; i.e,, 
that of the "blooming" of the eye marker. Any time "blooming" occurred, 
the eye marker became larger and more diffuse and thus the specification 
of brightness could not be met. As a result, it became necessary to 
electronically control the eye marker brightness. This eliminated the 
possibility of checking the "natural blooming" of the marker since the 
element of diffuseness, in addition to size, was necessary to identify 
when this phenomenon occurred. Most eye markers change in size at some 
time during the viewing, depending upon the location of the marker in 
the stimulus field; for example, those markers toward the periphery of 
the field were a different size than those toward the center. When the 
"blooming" phenomenon occurred, however, the marker not only enlarged, 
but it also became quite diffuse. The electronic changes to meet the 
read-out specifications eliminated this diffuseness and, therefore, the 
"blooming" phenomenon was eliminated from consideration in the present 
study# 



PURPOSES 

After the changes in the study, the purposes of the project were as 
follows ; 

1* To verify whether a continuum of eye movements exists for 
subjects viewing dynamic bi-uiriensional fields. 

2, To determine whether there are significant differences in 
the eye-movement indices of subjects of different age and 
intelligence levels to varying stimulus materials. 

3. To determine whether recall of the stimulus materials is 
related to the eye-movement indices. 

^4, To determine whether there are significant differences in 
subjects* eye-moveir.ent indices between scenes with differ- 
ent variable classification. 

5. To determine where the subjects look on the various 
scenes; i.e., which objects receive their "attention." 

6. To determine whether various scene variablcr such as 
novelty, uomplexity, and motion state affect where the 
subjects look, 

7* To determine wl'icther subject characteristics (including 
age and intelligence) influence where the subjects look. 
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Specific questions asked were as follows: 

1* What types of eye-inoveraent indices are observed in the 
data? Is there a continuum of movement or do the indices 
fall into the fixations and saccades often re;)orted in 
the literature by other educational researcheis? 

2. Are there differences in the eye-moveinent indices of sub- 
jects of varying age and intelligence levels across all 
stimulus materials? 

3. Is there a relationship between the subjects’ recall of 
the stimulus materials and the eye-movement indices they 
display? If so, which eye-movement indices are related 
to recall? 

4. Are there differences in the eye-movement indices for 
different stimulus films; specifically, for the follow- 
ing four types: (l) educational films which depend 
heavily on a visual presentation in which a lecturer or 
narrator is rarely visible; (2) educational presentations 
which depend heavily on a narrator or lecturer; (3) a 
general presentation with a fast-paced sequence and 
visuals of many different types; and (4) a commercial 
presentation in which the emphasis is on selling a product? 

5. Are there differences in the eye-movement indices between 
scenes with different variable classification? 

6. What elements of the scenes influence the subjects* 
"attention”? 

a. Do the type and number of objects affect the pattern 
of viewing? 

b. Is movement a factor influencing this "attention"? 

c. Is the audio a factor influencing where the subjects 
look? 

d. Vhat other characteristics of the scenes affect wher? 
the subjects look? 
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CHAPTER II 



PROCEDURES 



OVERVIEW*; OF HiE EXPERmENT/J. SESSIONS 

E<acause of the delay in the beginning of the data collection phase 
of the experiment, it was necessary to run experimental sessions during 
the students* summer vacation. This caused sli^t attrition to the 
pool of available subjects. Appointments were made with each subject 
at his convenience. Each subject was picked up at his home and trans- 
ported to the laboratory by staff personnel. En route the subject was 
shown a picture of the experimental apparatus and instructed as follows: 

We are interested in studying television, especially the kind 
of television shown in schools. You will be watching an educa- 
tional television lesson. We are studying what you see and to 
find this out we will take a picture of your eye. Naturally, 
this is a difficult thing to do and in order to do it you will 
be wearing a helmet with a special camera on top. 

Here is a picture of a boy wesiring the helmet we use in this 
experiment. We v/ill show you the helmet and how it works when 
we get to the University. The camera sees your eye through 
that tube called a periscope. You will notice that the boy in 
the picture has something in his mouth. It is called a mouth- 
piece, and that particular one was made Just for him. The 
reason you need a mouthpiece is so that the camera on the hel- 
met doesn't jiggle around. As soon as we get to the laboratory 
we will make a mouthpiece for you. 

Metal mouthpieces covered with dental compound had been made in 
adveoice. As soon as the subject had entered the laboratory and had been 
introduced to the staff personnel, he was assigned an experimental number 
and his dented Imiresslon was taken. While his nx)uthpiece was being 
cooled and trimmed, the subject was acquainted with the apparatus. He 
was shown the television set and allowed to handle the helmet and sit in 
the experimental chair with the helmet resting on his head while the 
recalibration motors were dememstrated. 

The mouthpiece was then attached to the helmet and the helmet fitted 
to the subject. The eye marker was found, focused, and calibrated on a 
small dot placed in the center of the television screen. The follCi/ing 
Instructions were then given to the subject: 

Now we are reac\y for the television presentation which will 
last about 20 minutes. You will see some short programs of 
an educational nature and maybe even a corrmerciai. We are 
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on closed-loop TV, v^hich means that this program is being sent 
from near here on the University campus, V'e have asked the TV 
station to interrui^t the prc>gram 7 times so that can photo- 
graph your eye. tliile ve are taking tliat pictur'e you rill see 
a small circle with lines out from it right in the middle of 
the TV screen, VJe want you to look right at the circle and 
concentrate on the center of it. V/hen the circle is gone from 
the screen, and for the rest of the time, we want you to watch 
the p>resentation just as you V70uld one at school, V/e v:ant you 
to rela^ and enjoy it, but we want you to pay attention too. 

I'll turn the set on now and let you watch the program, 

\ihen the experimenter turned on the TV set a small light went on in 
the control room indicating to the controller to start the video tape 
recorder. The experimenter then sat quietly in the experimental room 
during the session in order to make any corrections or modifications 
directed by the controller via the intercom. 

Two persons, one the controller and the other an observer, remained 
in the control room throughout the session. The controller continuously 
monitored the eye marker and made adiustments in addition to performing 
the receilibrations by remote control when fixation targets were displayed 
on the screen. Recording of data with a motion picture camera (operating 
at 2h frames per second) was begun at the second recalibration target 
inserted into the stimulus material and was teiminated after 600 feet of 
film had been exposed. 

After the television presentation, the tester established rapport 
with the subject, escorted him to an adjacent office, and administered 
the two post-session tests, Kach set of test instructions was read to 
the subject just before he was given that particular test* Upon com- 
pleting the post-tests, the subject was driven back to his home by staff 
personnel. The entire experimental session required one to one and one- 
half hours. 



SAMPLE 

A convenience sample of subjects had been sclcctrl from students 
enrolled in grades 8, and 11 of the Columbus, Chic, public schools. 
All stxidents in the entire grade level at an elementary school, a junior 
hi^ school and a senior high school formed the original cajididate popu- 
lation. On the basis of school records, the subjects were screened to 
eliminate those who wore glasses, had defective hearing, or exMbited 
some other physical or behavioral anomaly which would interfere with 
data collection, J3ubjecls whose ages were more than four months above 
or below the mean of their age-grade group were initially rejected, 
although age ranges had to be slightly extended later. Letters were 
sent to parents of each child requesting permission for their child to 
participate in the study (Appendix A), On the basis of Henmon-Nelson 
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IQ tests administered and furnished by the schools, subjects were then 
grouped as follows: 85-99 j the lower IQ group; 105-114, the middle IQ 
group; and 120- l40, the upper IQ group. 

With the cooperation of professional assistants from The Ohio 
State University School of Optometry, a comprehensive eye examination 
was administered to each candidate. The measures taken included visual 
acuity, retinoscopy, phoria, opht halos copy, and stereopsis. A sample 
of che optometric examination sheet is presented in Appendix B. Those 
candidates failing to meet minimal visual requirements for good, un- 
corrected vision or falling more than one standard deviation from the 
norm for specific measures were rejected from use in the sample. The 
experimental design consisted of three grade levels with three IQ groups 
in each level. A total of 54 subjects were required to provide six 
subjects in each of nine cells. To allow for attrition, a pool of 9 to 
12 available subjects per cell was established. Ultimately, 71 subjects 
completed the experimental sessions. 

Although the data films appeared excellent in quality when viewed 
by the human observer, the read-out agency found they could not handle 
many of them. Officials of the agency had been shown sample films prior 
to the experimental sessions and had indicated that reading the films 
would create no difficulties. However, the natural varying brightness 
of both the eye marker and the stimulus background from frame to frame 
in the data films did present a great problem for the electronic film 
reader. This problem will be explained in the data transcription section 
of this chapter. The initial sample requirement of 54 subjects was ex- 
tervied to 71 in an attempt to obtain the type of film that could be tran- 
scribed, From this group of data films, the 54 which afforded the best 
read-out possibilities were selected and sent to the agency. Eventually, 
because of the electronic difficulties, only 26 subjects comprised the 
sample. The total number of frames Involved in the sample for read-out 
and data analysis was l8,600 frames for each subject multiplied by 26 
for the nuinber of subjects or a total of 483,600 frames involved in the 
total data sample. 

The mean scores on age and intelligence of subjects in the final 
sample did not differ substantially from the initial sample for this 
study, as can be seen in the following tables. The project staff wanted 
to Include children with much lower IQ's than those in the lower IQ group; 
however, this was an Impossibility since children with intelligence 
scores as low as those found in the pilot study (scores in the low 70* s) 
had dropped out of school by the junior high school level. 
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Table I • Mean Ages for Each Group in the Initial Sajnple 



Intelligence Levels 


Grade Level Upper 


Middle 


Lower 


6 11 yrs, 7*^ nios 


11 yrs , 8.9 inos 


11 yrs, 10.3 nios 


8 13 yrs, 7.5 mos 


13 yrs, 6,6 mos 


13 yrs, 6.8 mos 


11 16 yrs, 8.8 mos 


16 yrs, 7«5 mos 


16 yrs , 7.9 mos 



Table II 


- Mean Ages for Each Group in the Final Sample 






Intelligence Levels 


Grade Level 


Upper 


Ml idle 


Lower 


6 


11 yrs , 7-8 mos 


11 yrs, 9»1 mos 


12 yrs, 1.2 mos 


8 


13 yrs, ^4,2 mos 


13 yrs, ii.7 mos 


13 yrs, 5»0 mos 


n 


16 yrs, 7.2 mos 


16 yrs, 6.4 mos 


16 yrs, 3.9 mos 








Table III - Mean Intelligence Quotients for Each 
Group In the Initial Sample 



Grade Level 


Intelligence 


Levels 


Upper 


Middle 


Lower 


6 


126.0 


108.0 


95.3 


8 


131.0 


m.i 


93.5 


11 


132.0 


109.5 


94.8 



Table IV - 


Mean Intelligence Quotients for 
Each Group In the Final Sample 




Intelligence Levels 


Grade Level 


Upper 


Middle 


Lower 


6 


128.3 


107.3 


93.0 


8 


132.0 


108.7 


96.0 


11 


125.0 


110.0 


94.7 



er|c 
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CHITERION DATA 



Two types of criterion data were obtained; i.e,, scores on the sub- 
Jects* lecall of the stimulus filir»G and scores on intelligence. Special 
tests were constructed to measure the subjects* recall aj,d understanding 
of the stimulus; however, the intelligence test scores were obtained 
from school records. 



Post-Tests 

T\^o tests were constructed to measure the subjects* recall of 
the stimulus films. One of the post-tests measured the subjects* recog- 
nition of the visual portion of the stimulus. This test was entitled 
Visual Recognition (VR) and consisted of 21 plates, the plates containinr 
from two to four drawings each. For each plate, the subject was asked 
to select the drawing which was the most like some scene he had seen in 
the television presentation. The second test, entitled Visual and Audi- 
tory Recall (VAR) consisted of 33 true-false items and emphasized under- 
standing as well as recall based upon an integration of the visual and 
auditory portions of the films. The two tests represent the content for 
the three films Weather , Piloting , ajid Wate r . The commercial was excluded 
from consideration on this portion of the research. 

Representative plates from the VR test and sample items from 
the VAR test are included in Appendix C. The instructions given to the 
subjects prior to administration of each test are also presented in that 
appendix. 



The reliabilities of the two tests are shown below. They were 
obtained by using a split-halves technique for determining reliability 
and the Spearman-Brown prophecy formula for estimating the reliability 
of a whole test from that of its halves. 



Spearman Brown Prophecy 
Pearson Product Moment Konauln Correction 



VR 0.C6 0.80 

VAR 0.72 0.&4 



Ibese reliabilities were considered satisfactory by the project staff 
3 ince the tests developed were different frem others available and ihws 
ro other tests could serve as models. 

In order to determine the degree of agreement between the Ji.- 
?lbutions on the tests and theoretical distributions, the Kolmogorov* 
oV/.rnov one-sample test of goodness of fit was applied. 'Hie D obiained 
for the VR test was 0,1177 with an U of 12, and the D for th<rVAJ^ test 
v:as 0.1200 with an N of 19* Both of these tests showed that the samilc 
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scores Wi 3 re not significantly different from those of a theoretical 
poxmlation (Appendix D), Frequency polyg. '»ms for these scores also 
showed that were the sample larger, the distribution would tend toward 
a normal curve. 

Satisfactory difficulty levels were established for the various 
items on the VR and VAR tests. However, the VR test wai more difficult 
for the subjects than was the VAR test. Most of the items also discrim- 
inated fairly well between the top 2 ^ and the bottom 25^^ of the sample 
based on the test totals. Both the difficulty and discrimination scores 
for the items are presented in Appendix E, 

Subject data are given in Appendix F. The scores for each of 
the 26 subjects on the VR and VAR show that the range of scores on the 
VR test was from 7 to l8 from a potential 21. The mean for this test 
was 12.6 eind the standard deviation 3«0. On the VAR test the range of 
scores was from l6 to 33 • Only one subject obtained 33* This perfect 
score indicates that the ceiling for the test was not high enough. A 
mean of 24.2 and a standard deviation of 4.5 also show that the test v-: 
fairly easy. 



Intelligence Test 

The Henmon-Helson group intelligence test was administered i 
the public schools a few months prior to the experiment. Scores from 
this test were obtained and used as the intelligence scores for this 
research. These scores also appear in Appendix F. 



STmULUS MATERIALS 

Criteria for selection of the stimulus materials for this study 
were developed in large part from some of the eye -movement responses of 
children viewing the pilot stimulus. Those findings and their effect ''> ■ 
the criteria were as follows: 

(1) Children's eye movements did not appear to be related to 
the type of scene, but rather to subject characteristics. 

Since the pilot stimulus was restricted in terms of con- 
tent, several quite different types of films were Included 
as the stimulus in the present study to test this finding 
on a larger scale. 

(2) Subjects often looked at the narrator's face in the 
stimulus film even to the exclusion of demonstration 
material. To test fur differences in presentation with 
and without a narrator, two educational presentations 
were Included in the stiruilus film for this study. In 

the first presentation, a narrator talRcd and demonstrated. 
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The f.econd film rarai loled an ohservaticnal situation 
vath the narrator completely off screen and with the 
concepts presented visually vrith audio support* 

( 3 ) In a fast-paccd sequence in the pilot study, the subjects 
limited their eye inovements to a relatively small central 
portion of the screen when the scene became dyuf^mically 
complex. Another fast-paced sequence was uo be included 
in this study in an attempt to replicate that finding. 

An additional criterion for the selection of the stimulus was that there 
should be a variety of visuals used in the various films. 

Thus, the following four types of stimulus segments were selected: 

(l) an educational presentation which depends heavily on an on-screen 
narrator or lecturer, (2) an educational presentation which depends heav?.ly 
on visual presentations end in which a narrator is rarely or never seen, 

(3) a more general presentation with a fast-paced sequence and with 
'^suals of many different types, end (k) a carimercial presentation in 
which the emphasis is on selling a product. Further selection criteria 
included the following: (l) the combined f'ims needed to be of a reason- 

able length to avoid subject fatigue, preferably not more than 20 minutes 
based on expierience from the pilot study; (2) the content should be 
appropriate to the interest of all age levels of children included in the 
study and should be ^uiderstood by all of them; and { 3 ) all films, with 
the exception of the comimercial , should be fairly vmique, i.e., not com- 
monly used in the public schools nor seen on television at home and thus 
films which the subjects had not seen before, 

Nun'iCrouc directors of television ce!:iters and motion picture film 
centers were contacted for assistance in selecting the stimuhis. 

Initially, a letter was sent to chese centers specifying the criteria 
and asking for a list of potential fi3ms and kinescopes. The following 
centers were exem])lary of the ones contacted through a ]etter cr in 
person. 

1. National Film Bonxd of Caj^ada 

2. Plicyclore iia Bi'itannica Films 

3 . Instructional Television Library^ including the National 
Instiuictional Television Libraries in New York, Nebraska, 
?*Iassachusetts , and Michigan 

N. Ihe Ohio State IMiversity Audio Visual Cc'munication 
Center 



* Later becar.e the National Center for School f^nd College Television, 
Bloomington, Indiana, 
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Center for Mass Coinmtuii cat ions of Columbia University 

6. National Educational Television Library 
In addition, some independent producer-directors were contacted. 

Hio project staff reviewed all of the sijggested films and kinescopes 
vrhich appeared to meet the criteria. From among these films, the follow- 
ing vrere selected: 

1. Origins of Weather , Encyclopedia Britannica Eilms, Inc., 

Chicago. 

An educational film with a narrator not visible; had won an 

educational filia award, 

2. Piloting and Control of an Airplane , KCTS-TV, Seattle, 

An educational telelesson with a visible narrator. 

3 * V*ater , Center for Mass Canmunications , Columbia University, 

A presentation with a fast-paced sequence having many t;>'pes of 

visuals and changes in the pace of the audio, 

^ 4 . An Ajax Commercial, New York Advertising Agency. 

In order to meet the criteria of length, the combined films were edited 
to a total of approximately 19 minutes. The editing was done in such a 
TTianner that it was impossible for the subjects to tell where the editing 
had occurred. The stimulus film was then converted to a video tape for 
presentation on a television monitor, A scenario of the edited stimulus 
Him is presented in Appendix 0, Ihe scenario contains a description of 
the visual coerkponents of the scores plus the auditory comnentai'y. 

In order to determine if the scene variables described and defined 
in the problem statement affected the eye movements, each scene was 
classified on the variables of motion state, complexity, novelty, clarity, 
member of attention centers, ambig^iity of meaning, vmity of elements, 
and arousal characteristics. In addition, some scenes were classified 
on the audio as follows: (l) not related to the stimulus, (2) related 

to the stimulus with direct reference or (3^ related to the stimulus 
with indirect reference. 

The classification of these rocnes was made by a panel of judges 
consisting of five project members. Each scene was viewed with a stop- 
frame projector. The judges rated each scene on a two-point scale for 
each of the variables. For example, if the scene were static, it 
received a rating of ’'0'' on the variable of notion; it it were dynamic, 
it received a rating of '^1” on the same variable, khen the rating sheets 
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\;ere co:dp^ired<y eny discrepancies v;ere resolved *by a review of the scene. 
In cases of fiirther disagreement, the majority ruled, Unanirrious ratings 
vrere common for most of the variable^ across scenes. 

For the piiraose of correcting and recording error in the eye marker » 
position, six recalibration targets of ten seconds duration were spliced 
into the stimulus film. Subjects had been instructed to fixate the 
recalibration target when it appeared, ihese targets were interspersed 
at approximately two -minute intervals throughout the film and were placed 
such that they interfered as little as possible with the content. For 
example, several targets were placed at the beginning of the various 
films , 



The subject's eye markers over the stimulus film were recorded onto 
data film for only 16 of the 20 possible minutes- -the first 2-| and the 
last 1-^ minutes were omitted. Ihis was done to eliminate the parts where 
the subject was adjusting to the film and where the subject might be 
fatigued. Eye-movement responses to scenes numbered from 2.01 to hl.O 
in the scenario (Appendix G) were selected for read-out and given to a 
coenmercial firm. This entailed approximately 13 minutes of eye-movement 
data or l8,600 frames of data for each subject. 



TOE COmmAI. REi'XECTION TECHNIQUE 

Hie outer surface of the cornea approximates a jortion of a spher- 
ical sijrface from which light can be reflected. This spherical reflec- 
tor rotates about a point (the center of rotation of the eye) which does 
not coincide with its center of curvature. As a result, this corneal 
reflector is displaced very slightly as the eye rotates during eye move- 
ments. This displacement of the spherical reflecting surface results in 
a change of the angle of reflection of light striking the cornea. 

Eye-movement data are obtained by focusing the reflected image of 
a point ligjit source onto a recording surface. Ihe position of this 
focused, reflected image ("eye marker'') will shift as the eye rotates, 
Indicating the eye movement. The relationshij; between eye marker posi- 
tion and the angle of rotation of the eye is essentially linear up to 
about I 10®. A direct relationship caji therefore be established between 
the focused eye marker and the subject's line of sight. 



THE E7E-mVUWiT Akl^ARATt'S 

ilic corneal rcflcctio/i aj j aratus used in this study was a modifica- 
tion of that developed by Mackvorth,* 



^As reportei in Mackworth, N, H.; Mevel l;/n- ihcmas , E,; a:id Hoirr.quist , , 
"Hie Television Eye Marker on a Changing Visual Korld," Visual Search 
Techniques , Morris, A, and Horne, P, , cds., Washington, D. C,: National 

Academy of Sciences - National Ke sc arch Covuicil Fublicat ions , {19*0). 



In the Mackworth Eye-MovejTient Camera, the point light source is attached 
at the bottom of a hollow tube and positioned in front of the subject's 
left eye* The light from this point source which is reflected by the 
cornea is transmitted up the tube and focused onto the film plane of a 
motion picture camera* This earner a then records the eye -movement data. 

Since all of this equipment is attached to a helmet worn by the 
subject, he is relatively free to move his head without affecting the 
eye-movement data. That is, with the helmet securely attached to the 
head the position of the apparatus in relation to the eye is not changed 
by head movements and no change in the position of tbi eye marker on the 
recording surface results. 

As described this far, the apparatus makes possible the recording 
of movements of the eye in its orbit and these data are independent of 
movements of the head. In order to now determine where in his environ- 
ment the subject is looking, the position of the head must be taken into 
account. The Mackworth apparatus accomplishes this in a simple and 
direct way, A second optical system attached to the helmet is used to 
obtain an image of the subject’s visual field, and this image is focused 
onto the recording surface along with that of the eye marker. By proper 
calibration of the apparatus, the image of the eye marker can be super- 
imposed onto that of the visual field in such a way that the combined 
image indicates directly what the subject is viewing. This basic system 
is illustrated in Fig. 1 , 
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Fig, 1 - Basic Eye-Movement Apparatus 
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Several major modifications vrere made to the helniet apparatus since 
the pilot study. It is illustrated in its present form in Fig. 2. The 
vidicor tube of a transistorized television camera (Dumont Laboratories^ 
is used as the recording surface. This msikes possible extended periods 
of uninterrupted data recording, vith the progress of the exptrimental 
session observable on a television monitor. A permanent data record is 
made with a motion picture camera from another monitor connected to the 
vidicon camera. The adjustable downward extensions from the helmet are 
used with a bite bar to which is attached a hardened dental impression 
of the subject. This secures the helmet to the head throu^ the upper 
dentaJ. arch. The apparatus is mounted on a movable platform on top of 
the helmet which can be driven in any direction by three remotely con- 
trolled motors for adjustment and calibration purposes. 



DATA RECOPDING 

The direct superimposition of an image of the subject’s visual 
field and the eye marker allows the resulting data films to be projected 
for direct viewing. However, in order to facilitate the transcription of 
the data from film to computer tape, the eye marker must appear appreci- 
ably brighter than the background image of the visual field. Since the 
corneal reflection light source must be kept at a low level for subject 
comfort and the vidicon camera was not sensitive enough to display the 
resulting eye marker with the required brightness, a suitable video amp- 
lifier had to be constructed. This amplifier, designed by the Harron 
Instrument Company, allowed the video signal above a variable threshold 
level to be driven to saturation. During the data recording session, 
the unmodified picture was observable on one monitor while a second 
monitor displayed the modified picture. An oscilloscope displayed the 
luuaodified video signal and the variable threshold level. ^ adjusting 
the threshold level of the video amplifier to compensate for the varying 
brightness of the various stimulus sequences and occasional change 3 jn 
eye msurker brightness, it was possible to produce a modified picture in 
which the eye marker appeared as a white spot superimposed on a dimmer 
image of the visual stimulus. 

The modified video signal was displayed on a third monitor where it 
was recorded by a IC im notion picture camera. This camera ^ch -Auricon) 
model was equipped with a special television transcription shutter to 
record the television image at 2^4 framies per second without the appearance 
of synchronization lines. The resulting data films were then transcribed 
to computer tapes for further analysis* The data veconiing system is 
shown in Fig. 3 » 






Fig. 3 “ Data Recording System 



DATA TRANSCRIPTION 

Figure 4 is aii example of one frame from a data film. The four 
outer markers delineate the stimulus area in the subject's visual field 
while the eye marker superimposed over the stimulus indicates where the 
subject is looking. Because the subject was free to move his head, the 
stimulus field does not appear as a perfect rectangle on the data film. 

As a result of such perspective distortions, size and shape of the stim- 
ulus field on the data film arc highly variable. 

The first step in data transcription from film to tape is the con- 
version of the image into a standard reference fme which is indep^endent 
of the subject's position with respect to the stimul\)s field. 

To achieve the desired transformation to a stajidaa‘d reference sys- 
tem , the corners of the stimulus field must first be identified as they 
appear on the data film, Tt\e parameters for a transfonriation equation are 
calculated next. This transformation can then be applied to ariy point 
in the original data filn frame in order to map it into the standard 
(transformed) reference system. As a result, the effects of the subject's 
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- D&ta Film Frame 



(Frilai\;;e:l from lO mxn I lotion Ficture Frar.e) 
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head position and position of the eye marker within the stimulus field 
are compensated for to yield a set of angular coordinates for the eye 
marker in a standard reference system. In this reference system the 
visual field of 300 by 230 units forms the coordinate system within v^hich 
eye marker position is measured in units of l/20® of arc. 

After (l) the corners of the stimulus field have been sucessfully 
identified and (2) the transformation equation has been determined, it 
is now necessary to (3) identify the eye marker within the stimulus image 
and (4) transform its position into the standard coordinates. Each of 
these four steps must be repeated for each separate frame of data film 
for which data are to be transcribed. An efficient automated method of 
data transcription is obviously essential. 

The data transcription system consisted of a film scanner which was 
under computer control. The film scanner is capable of measuring film 
image density at a specified point within each film frame over a grid of 
512 by 512 points. The density measurement is on a two-point scale of 
ABOVE and BELOW with respect to a specified reference level. The basic 
data available through the computer program controlling the film scanner 
are ABOVE/BELOW indications for each of the more than 262,000 points 
within a film frame that it may interrogate. 
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Fig, 3 - Data Reference Systems 
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Although the corner narkoro delineating the Gtimulus field and the 
eye inarker supertnposei O’i the stitijulus image were bo be considerably 
brighter than anything clce appearing within a dbx:, filn frame, this* 
could not be consistently achieved, riiis ooiv'-i'ast ratio recj^ui ronent 
became an acute problem after failrre of the vidlcon ccjnera ne :e 33 itc«ted 
extensive rebuilding of its circuitry, Subsequent performance of the 
vidicon camera was marginal for most of the data-recording sessions. Jn 
addition, some subjects displayed wide variations during a session in the 
brightness and shape of the corneally reflected eye marker. Ibese two 
factors, coupled with large brightness variations occurring in the 
stimulus r^teria'' , resulted in a large number of data films in which the 
markers ^7ere not considerably brighter than ever/tMng else appearing in 
the data f5Lm mtge. F.-rthermore, even when, the eye marker and the 
markers delineating the stlnulus field were relatively brighter then thr 
reiaaindcr of the image, tlie natui'el v'ariations in marker brightness, both 
between aid within data fiZras, were considerable, 

Tlio first film-scanning j-rograrii v:os based on two concepts; i.o., 

(1) a specified threshold above vrhich any point aj pearing in a data film 
frame ^*as to be considered a.s cither a ] art of the eye marker or ore cf 
the ioir stimulus field markers, and (P) markers that were cssentitUly 
circular in shape. Ihe wide variation:; in eye niarrer shape, together with 
the nc .sc within the video signal, yieiJed totally - -.satisfactc ry rcculis 
in the initial atte:;ipts at transcribing data fr^m the fiLms. 

i\ new program was developed which was able tc per Tom satisfacto- 
rily, Vha basic data available to the prograiri were still solely the 
vlBOVE/ l ELOW measure for each point interrogated within the data filn 
frame iL.age, The capability to alter the threshold setting under program 
control Vi'8 s added and the basic ABOVb/bELO'i^ data were much miore e>clen- 
sively analyzed. In addition to brightness, the size, shape, and loca- 
tion of potential marker identifications were added to the criteria used 
in the new program to identify the actual markers among all possible 
catididates, A further major iniproveir^ent was achieved by using a predic- 
tive algoritlim, based on the actual characteristics of markers identified 
on immediately preceding fram;es, to locate the markers on the next filn 
fra:-.e to I ? read. With the large possible variations in marker character- 
istics, various elements in the stimulus image were frequently mistaken 
for markers in the initial fiim reading program. By predicting not only 
the characteristics but also the positions of markers, the revised pro- 
gran perfomei quite reliably. One of the problems which was not satis- 
factorily solved resulted from the ’’lag*’ typical of vidicon tubes when 
operated near the feasible limit of sensitivity. With a sudden change 
in tli'* ir.a.je, the previous image is not replaced immediately by the new 
icag<^ as viewed on the ronit^^r, but rather slowly fades as the new irape 
is CFlablish.ei . Aj a ref nit, when the eye makes a quick saccade both the 
old ml new eye r.arkers may appear on the sar.e frame. Since the im.age of 
t) e rd i marker may even be brighter than that of the marker actually 
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present, an incorrect identification can result. This problem was mini- 
mized by backtracking whenever the eye marker was identified at some 
distance from its position on the preceding frame. At this point the 
program checked whether the eye marker had not shifted to this new posi- 
tion prior to the point at which it had last been fa.md at the old posi- 
tion. 



The three types of errors examined for the resulting data tapes used 
in analysis were (l) repeatability, (2) absolute error, and (3) relative 
error. Repeatability of the film- scanning program was established by 
reading a section of 100 frames three times and e:. mining the variation 
in eye marker coordinates among the three readings. The mean absolute 
variation among the three readings was approximately 1 scanning unit 
(1/20°) with a standard deviation of almost 0.9 units. 

Tlie second source of error in the final data is absolute error in 
the position of the eye marker resulting from misaLlignment of the helmet- 
mounted apparatus. Since a displacement of the apparati s with respect to 
the eye is indistinguishable from a displacement of the eye with respect 
to the apparatus, both are recorded as an eye movement on the data film. 

A 5® rotation of the eye displaces the cornea slightly more than one 
millimeter; conversely, one millimeter of helmet slippage is recorded as 
several degrees of eye movement. An indication of the magnitude of this 
source of error was obtained by examining data recorded on the calibra- 
tion targets (see discussion under Stimulus Materials ) . Examination of 
the data indicated that this error was fairly minimal for the films used 
in the final sample. 

Relative error here refers to the error in the distance between eye 
marker positions on a pair of successive data film frames. It is men- 
tioned here primarily to point out that it is largely independent of the 
absolute error in eye marker position resulting from helmet slippage, 
which tends to remain stable over a large number of film frames and to 
charge only occasionally. 



THE DATA TAFT;S 

The computer tapes produced by the film reader during data trariscrip- 
tion included the following information: (l) coordinates of the eye 

marker (1/20® units) in the trajisformed reference system, (2) position 
and orientation of the stimulus field to indicate head position, (3) eye- 
marker diajr.eter, and (^4) an error code Indicating quality cf data or 
reason for missing data; e.g., blinking of the eyes. 

A printed listing of these data was revievcd> together with each data 
film, on a frame-by-frame basis to correct data where necessaiy for 
proper merging into a master tape and to reject data which required another 
pass through the film reader. A total of 2u films was finally accepted 
for inclusion in the data sample. Data for these films were largely com- 
plete, although in a few instances some sections of data viUch could not 
be properly transcribed by the film reader were edited during re /.lew. 
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The edited tapes were then preprocessed and merged into a master 
tape consisting of the following data for each film frame: (l) coordi- 

nates of the eye marker in units, (2) estimated average velocity of 
the eye marker between successive frames in i/20® units, and (3) direc- 
tion of eye-mai“ker movement between successive frames in 6® uiits. The 
actual tape and data formats of both the film reader output tapes and 
the master tape are given in Appendix H. 



I'kOGRAI‘!MING 

A library of programs was developed to aid in the preparation and 
analysis of the data transcribed from the film records. The SCATRAN 
language, previously in use at the University, was the main prograitming 
laiiguage, with many of the subroutines being written in FAP assembly 
langiiage. Since these programs are not transferable, they will not be 
described in detail. The anailysis of variance was made with one of the 
BlOJiED programs developed at the University of California. 

Much routine and repetitive progi'ainuing was simplified by the devel- 
opment of interpretive packages. This approach allows the definition of 
pseudo programing languages whose concepts and vocabulary are familiar 
to the user for a specific problem area. As a result he need not be 
fai^iiliar with an actual programming language or be aware of the actual 
operations required to achieve his objective. 

An example of such an interpretive package is a program referred to 
as the VPL language which was developed for density analysis. Here the 
primary questions are in terms of where do subjects look, how much time 
do they spend in looking at various areas in the stimulus field, and what 
is the velocity distribution for these data? To ariswer such questions by 
using WIL, the user need only know the meaning of such terms as density 
and density clusters, the VKAG distribution, and have available a scenario 
of the stimulus (see Appendix O) to identify the scenes or subscenes in 
which he is interested. 

A VPL density plot sinjdy indicates the percentage of time some 
specified sample of subjects spent looking at each point in the stirmilus 
field which has been divided into squares of V of visual arc. An example 
of such a plot can be found in Appendix I. A VsTL cluster plot not only 
indicates various levels of density, but further identifies larger areas 
within the stim^ilus field where the eye markers tend to fall into distinct 
groups and labels the points in the stimulus field falling within each 
cluster, /ui example of this can be found in Appendix I. 

Since various definitions of clustering can be made, the one used in 
WFL will be described briefly. An outline of the algorithm reads as 
follows ; 

(l) START. For the specified stimulus sequence and subject 



sample determine the eye marker density at each point in 
the visual field. 

(2) Begin definition of next cluster. Find the point of 
hipest (nonzero*; density which has not yet been clas- 
sified into a cluster. Classify this point into the 
current cluster. If no unclassified points remain avail- 
able STOP, 

( 3 ) Select the point of highest (nonzero) density which 
borders the current cluster. If none remain the cluster 
is completed--go to (2). 

( 4 ) If the selected point has a higher density than the last 
point classified into the current cluster ignore it and 
go to (3)* If the selected point has already been clas- 
sified into another cluster delete it and go to (3). 

Classify the selected point into the current cluster and 
go to (3). 

Clusters are eirbitrarily labeled A, B, C, . . . and each point in 
the stimulus field will have been classified as blank (zero density), as 
belonging to some cluster (A, B, C, . . . ) , or as deleted (indicated by 
a dot in the printout). Teleted points are those which lie in a region 
of overlap between two or more clusters and therefore have not been clas- 
sified into any cluster, Kach cluster indicates a distinct grouping of 
eye markers. 

An example of a graph of the eye marker velocity distribution can be 
seen in Appendix I. Phis was drawn on a CALCOMP plotter by using the 
WPL language. 
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CHAPTER III 



DATA ANALYSIS AND RESULTS 



INTRODUCTION 

As stated in the problem statement, the objectives of this research 
were as follows: 

1. To verify whether a continuum of eye movements exists for 
subjects viewing dynamic bi-diraensional fields. 

?.» To determine whether certain subject characteristics, 
including age and intelligence, influence the subjects* 
eye-movement inci>.ces, 

3. To determine if difi>>'ent types of films influence the eye 
movements of the subjects, 

4, To determine whether the eye-movement indices identified 
are related to the subjects* recall of the stimulus film. 

5. To determine what elements of scenes across films influence 
the subjects* eye-movement indices, 

6, To determine what elements of the scenes attract the sub- 
jects* attention. 

7* To determine if subject characteristics such as age and 
intelligence are related to where the subjects look. 

The following specific questions served as a basis for the data analysis 

1, kTiat types of eye-movement indices are observed in the 
data? Is there a crxitinuum of movement or do the indices 
fall into the fixatiori: and saccades often reported in 
the literature by other educational researchers? 

2, Are there di'.U’erences in the eye-novement indices of sub- 
jects of varying age and intelligence levels across all 
simulus materials? 

3, Is there a relationship between the subjects* recall of 
the stimulus -.naterials and the eye-movement indices they 
display? If so, which eye-movement indices are related 
to recall? 

4, Are there differcpices in the eye-movement indices for 



different stimulus films; specifically, for the following 
four different types: (l) educational presentations which 

depend heavily on visual presentation and in which a lec- 
turer or narrator is rarely seen, (2) educational presenta- 
tions which depend heavily on a narrator or lecturer, (3) 
a general presentation with a fast-paced sequence and vis- 
uals of many different types, and (^) a commercial presen- 
tation the emphasis of which is to sell a product? 

5. Are there differences in the eye movement indices between 
scenes with different variable classification? 

6. What elements of the scenes influence the subjects* atten- 
tion? 

a* Do the type and mmiber of objects affect the pattern 
of viewing? 

b. Is movement a factor influencing attention? 

c. Is the audio a factor influencing where the subjects 
look? 

d. U*hat other characteristics of the scenes affect where 
the subjects look? 



DATA ANALYSIS 

With these questions providing the general fi'amework for the inves- 
tigation, two types of analyses were performed. Ihe first, the analysis 
of eye-rrovement indices, was conducted to answer questions dealing with 
the types of movements observed and the effect on the eye-movement 
indices of eige, intelligence, subjects* recall, types of stimulus mater- 
ials, and various elements of the scenes, 'fhe second, the descriptive 
analysis, was conducted to answer questions concerning where the subjects 
look and what elements of the scenes affect the viewing pattern. In 
addition, the influence of age and intelligence on these viewing patterns 
was determined. 



E>^e-Movement Indices 

The eye-rx)vemcnt data obtained as a result of the data film trans- 
cription process consisted of coonlinates of the eye marker within the 
stimulus field, sampled at the rate of the data-rccording carK?ra; i.e., 

24 frames per secend. Such eye* posit ion data may be inte}‘preted as eye- 
roovement data by calculating an estimated average velocity from the eye 
position as recorded on two successive data film frrmes. 
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In the pilot study this was done by a visual examination of the 
data films, marker velocity, as inferred from the extent of movement 

in terms of eye marker diameter, \ras observed to fall into a nuinber of 
distinct intervals. These movements did not correspond to the dichotomy 
of fixations and saccades usually reported by educational re '.earchers , 
Rather, a nuir*ber of distinct categories were identified. These categories 
were termed indices. One I'lrpcsc of the present study was to verify this 
continuum of indices , 

In the present study, changes in the position of the eye 
marker could be measured on a finer scale than in the pilot study. 

Since coordinates of the eye marker were available in units of I/20'' 
of visual arc for each film frame, the unit of eye-movement measurement 
corresponded to l/20^ per l/24 second. Tlius the unit of measurement was 
approximately l,2Vsecond in estimating the average eye marker velocity 
on the basis of the eye marker coordinates for each pair of data film 
frames. The overall distribution of velocities obtained is given in 
Fig, 6, The estimated average of velocities* occurs mainly at the low 
end of the continuum below 10 linits (l2°/second) , As can be seen from 
Fig. 6, these data fall into a continuum of velocities. 

This distribution was divided into four fairly distinct in- 
tervals to simplify eye -movement data classification, TMs choice of 
categories was based on both the classification developed in the pilot 
study and various analyses of the present data. An analysis of the 
sequential pattern of eye-movement velocities was a major factor in de- 
termining the various divisions. The distinct nature of these cate- 
gories was supported later by the data analysis. 

The definition of the resulting indices is given in Table V, 
This classificaUon is similar to that found In the pilot study. 



Table V - Definitions of Eye-t'ovement Indices 



Ko Observable Kovement 


0 


- 4,2‘^/sec 


Miniraovement 


4,2 


- ll,4®/sec 


Snail Saccado 


11,4 


- 4V.4®/sec 


Large Saccadc 


Above 


47,4®/sec 



*In Appendix H, the estimated average velocity is terriCd V>1A0, 
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6 - Distrlbutli^ of V-locltlca for All Subjects over the Four Films 



Con\:?jring these indices to the eG jnl !' ch >t<>:;vy of eye movements used by 
other researchers, No Observable !,ove:u:it (NOM) corresponds to fixations, 
including tremor and slight forjns of a»id the faccades in the 

tv(v classification scliemes are also siiiilar, lietween these two extremes 
of the continuuia lies the Minimovc'ucnt Ccategory, 

Velocities in the faccade (fvVl) categories are nob very mean- 
ingful since these mo/c::ients ro'O generally corrrjieted within one pair of 
data fiLn frajnes. Therefore, an accurate estimate of average velocity 
cannot bp made on the basis of such data. Here it is preferable to speaX 
of the extent of movement , rather th,an the estimated velocity, with Small 
Saccades rauiging between - 2"^ of visual ruvj and Large Saccades falling 
above 2"^ . 

'Ihc gei.errvl clvu e of the o I si ]'ibut i on of eye marker velocities 
is exemplified by Fig, ^ , Itawcvcr, this distribution may change as a 
ftu:ction of stimulus material ?cid subject characteristics. For example, 
the distribution of eyo r.arker veiijcities fc»r a Static scene is illus- 
trated in Fig, I Tn oomjni r i so:* , Fig, G illustrates the distribution 
o'otHined for a Lrynmurdc scc-i;c. ">he T’Orlicn of the cc»ntin'uiu.i shown in these 
two gi'aihs corresponds essentially to the i;0M and MIN indices with Small 
a:id Large Saccades colDajsed iritu a single Toiiit. "ihe vai'iability in 
these distributions bctv:een sub.jccis is illustrated in Fig, 9* This graph 
should be comiuircd to Fig, 8 vdicro the r.erui of these distributions is 
present ed , 



Analysis 



A tlixee- factor aualvois of vruiance was ar«pHed to the four 
e/e-moveme!>t indices of ItmtS, fr-all faccadcs, and Large Saccades 

to test the effect on tlie iniices of fib; differences, intelligence 
differences, ani age di ffererices , Results of the four analyses shoved 
only one sigiiificaat r.riiii effect w'nich was on fih-.s for the index of 
Large Saccades (an F of Io.mTI v&s obtained, significant at less than 
the .01 level with df). The fro-iucncy of saccades on the filir^s 

was highest on V.ater atvd tjicn tlie dcscen.U!*g order of frequency was on 
A 3 ax Cc< mere ial , Piloting and Cciitro] of an Airplane , and Weather- That 
no other sigjnficaitt results vrere fount on this analysis was attributed 
to a possible vashout effect siiiCe tl^e analysis was over the subjects' 
eye movements for the entire stir ulus. Thus, several more analyses were 
r n to answer specific que:tioi;s over shiorler sctC'ciits of data, 

C oiu* 3 1 a t i on a I Aj > a ly sis . A correlational ruialysis was condricted 
to lotoi'mine if there were a sigiuficant relationship between subjects* 
rec'll of the stimulus a;u1 the eye novenents they exhibited over the por- 
tions of tl.e filJTi from which the q :ostions had been developed. In addi- 
ticn, a further exploration of the rclaticnsVji)' between intelligence c;id 
the ages aj:d tie t,.e. movement iiriices was made. AmuHiylr 

regr^'ssio’^ anulyois (i.e,, the Vlicrry lest f election Method) was employed 
for t ) I i 0 V '. r I y s 1 n . 
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Fig. 7 - Mean Distribution of Velocities for Selected Subjects on a Static 
Scene (17.^0) 
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Fig. 8 - Mean Distribution of Velocities for Selected Subjects on a Dynamic 
Scene (36.3^) 



Learning scores were obtained fran two insti’iunents vliich had 
heen especially constructed to test the subjects^ recall of stimulus 
films. These tests, called the VI sual Recognition and the Visu al and 
Auditory Recall , are described in the Procedures Chapter. 

Separate regression analyses were roji on each of the four eye- 
movement indices for both of the learning measures. Thus a total of 
eight regression analyses were performed. Each analysis had three prc- 
dictors--one of the learning laeasures, IQ, and Age--and one criterion, 
one of the four eye -movement indices. 

The results of each regression analysis are reported in Tables 
VI-XIII. A multiple correlation is given below the tables where the 
analysis allowed inclusion of at least one predictor variable in the 
multiple regression equation. 

Examination of the results reveals that there is a fairly con- 
sistent pattern to the relationship of the variables and the direction 
of the relfiticnships. Of the eye-movement indices used as the criterion 
measures, NOflS and MINS are correlated significantly with intelligence 
over both sets of data with which they were tested. These relationships 
are negative with NOl^S and positive with MIIJS. Thus IQ appears to be 
the only one of tlie three variables which exhibits a fairly high degree 
of relationship with any of the eye-movement indices. The relationsliips 
of the other variables and the criterion measures are such that addition 
of them as variables in the respective regression equations does not 
affect prediction of the criteria substantial!^'. Since the R's are not 
substantially higher than any of the correlations of the individual 
variables and the eye-movem.ent indices, they can be taXen as a degener- 
ate form of a true multiple correlation coefficient which incl'udes the 
coTibined relationship of two or more predictors with a criterion measure. 

The finding that intelligence is related to N0!''S and IQ NS adds 
verification to the results fveti tVie pilot study. In that study, a high 
relationship was fourid betw’een the and MINS indices end intelli- 

gence. Since the sample in this study was restricted to a narrower range 
of scores, any evidence of a significant relationsMp between intelli- 
gence en<l these indices is iir.poid;ant . It is assumed that had the sample 
been more heterogeneous, Including the iawer end of the curve, the corre- 
laticxi would Iiave been much higher. The direction of the relationship 
between NCt'S, MI No, ani intelligence, however, is opposite in direction 
to that faund in the pilot st\idy. In the pilot study, TiLV.S were posi- 
tively correlated with intelligence and I!INS were negatively correlated. 

A pc'ssible explanation might be that the correlations for the pilot study 
were over only one scene and that scene was static in nature. The scenes 
over which the data for the correlations were dravm in this study in- 
cluded m.ore dynamic than static scenes. It might be that the direction 
of the relationship betw^een the eye-mevo-ent indices ani intelligence 
changes with the type of scene. 



Table VI - Correlations of Predictor Variables 
with the Eye-Movement Index of NOTS 



Visual Recognition 


I.Q. 


Age 


NOMS 


Visual Recognition 1.0000 


0.1430 


0.0936 


0.0405 


I.Q. 


1.0000 


-0.0636 


-0.3643 


Age 




1.0000 


-0.096->3 


NOMS 






1.0000 


R = 0.364, P < 0.05 



Table VII 


- Correlations of Predictor Variables 
with the Eye-Movement Index of MINS 






Visual Recognition 


I.Q. 


Age 


MINS 


Visual Recognition 


1.0000 


0.1430 


0.0932 


-0.02o7 


I.Q. 




l.OOCO 


-0. 0-336 


0.^417^* 


Age 






1.0000 


0.1107 


MINS 








1.0000 



< 0,05 

R = 0.4l8, p < 0.01 
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Table VIII 



Correlations of Predictor Variables with 
the Eye- Movement Index of Small Sac cades 





Visual Recognition 


I.Q. 


Age 


Small 


Visual Kecognition 


1.0000 


0.1430 


0.093? 


-6.1630 


I.Q. 




1.0000 


-0.0636 


-0.0263 


Age 






1.0000 


0.01- 0 


Small Saccades 








1.0000 



Table DC - Correlations of Predictor Variables with 





the Eye -Movement Index 


of Large 


Saccades 






VisupJ Recognition 


I.Q. 


Age 


Large SACS 


Visual Recognition 


1.0000 


0.1430 


0.0932 


0.1572 


I.Q. 




1.0000 ■ 


■0.0636 


0.0214 


Age 






1.0000 


-0.0489 


Large Saccades 








1.0000 
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Table X - Correlations of '’redictor Variables 
the Eye ''Movement Index of N0H3 





Visual & Auditory 
Recall 


I.Q,. Age NOMS 


Visual & Auditory Recall 


1.0000 


0.3989* 0.1478 -0.3029 


I.Q. 




1.0000 -0.0636 -0.3390 


Atze 




1.0000 -0.1113 


NOMS 




1.0000 


^'p < 0.05 

R = 0.339, P < 0.05 



Table XI - 


Correlations of Predictor Variables 
with the Eye -Movement Index of MINS 






. Visual 8c Auditory 

Recall I.Q. 


Age 


MINS 


Visual 3c Auditory Recall 


I.IXXX) 0.3989* 


0 .1478 


0.2842 


I.Q. 


1.0000 


-0.0636 


0.3846 


/-ge 




1.0000 


0.1510 


MINS 






1.0000 



^<p < 0.05 

R = 0.395, P < 0.05 
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Table XII -* Correlations of Predictor Variables with 
the Eye-Movement Index of Small Saccades 





Visual & Auditory 
Recall 


I.Q. Age 


Small SACS 


Visual & Auditory Recall 

I.Q. 

Age 

Small Saccades 


1,0000 


0.3989* 0.1478 
1.0000 -0.0636 • 
1.0000 


0.1056 

- 0 .o 482 

0.0213 

1.0000 


^P < 0.05 

Table XIII - Correlations of Predictor Variables with 




the 


Eye- Movement Index 


of Large Saccades 






Visual & Auditory 
Recall 


I.Q. Age 


Large SACS 


Visual & Auditory Recall 


1.0000 


0.3989* 0 .l 4?8 


0 .2820 


I.Q. 




1.0000 -0.0636 


0 .1599 


Age 




1.0000 


- 0.1104 


Large Saccades 






1.0000 
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That no relationsMp was fo^ind botwe?n leai'ning and the G5*e- 
moveriont indices adds verification to another result frcm the pilot 
study iaincc no relationship was fo>ind between any eye-movement index 
arui learning in that study. Further comments on this finding are made 
in the Di.scussion of Results section. 

A naJ.ysis of Scene Variables » One of the purposes of the data 
aialysis was to deterrnine whether certain scene variables influence the 
eye movemen/ts of subjects. For this analysis, scenes were classified on 
the follovnng; (l) Motion- -Static vs Djmamic, (2) Complexity- -Simple vs 
Complex, (3) Novelty- -Familiar vs Novel, (4) One Type of Movement -- 
Reversal vs No-Reversal, (5) Clarity- -Clear vs Unclear, (6) Number of 
Attention Centers--Unicenter vs Multicenter, (?) Ambiguity of Keaning-- 
Aiabiguous vs Unambiguous, (8) Unity of Elements--Distractive vs Integra- 
tive, and (9) Arousal — Tranquil vs Arousal. Most of these variables^ 
were identified in the pilot study and/or other research studies as pos- 
sibly influencing the eye movements of subjects. In addition, the type 
of audio used in a few scenes was considered. 

After each scene had bean classified on the various elements, 
tha scenes were sorted into groups which had the same classification. 
Comparisons on one of the four types of eye movements were then made 
between a group of scenes having identical variable classification with 
another group of scenes having the same classification except for one. 

For example, one group of scenes loi^t have the classification Static , 
Simple, Familiar • . . and be compared with a group of scenes having the 
classification Dynamic , Simple, Familial’ • • • • More than one comparison 
was made on each variable whenever possible. For example, scenes might 
be the same on different groups of variables except the one of interest 
such as Static , Complex, Novel . . • and Dynamic , Complex, Novel .... 

In some instances it was possible to have four replications of the sample 
design because of the number of groupings available, whereas in others 
only one comparison could be made. A simple ajialysis of variance model 
was used to maXe the comparisons. The da'^a for all 26 subjects were used 
in each analysis. 

In order to determine whether differences in the main analysis 
resulted from the classification variable rather lhan from idiosyncrasies 
of the scenes themselves, a further analysis of variance was applied to 
each design, with the scenes themselves serving as levels of the inde- 
pendent variable rather than the classification variable itself. An 
example of a typical design is given in Appendix J, 

In presenting the results of the analysis, a specific question 
will be asked followed by the data to answer that question. A summary 
table showing the means, mean squares, and F-ratios is given for each 
d-sign. Also, a suimary of the results for all of the questions follows 



definition for each of these variables may be found in the problem 
stfcteinent , 



50 



at the end of this section. 



Motion . Question 1: Are there significant differences in 

subjects' eye-movement indices between scenes which 
are classified as Dynainic and others classified as 
Static, all other scene variables held constant? 

Four comparisons were jaade between groups of scenes ec^uated on 
all other scene characteristics except the variable of motion. Thus the 
comparison was between scenes that were Static and scenes that were 
Dynamic. The four eye-movement indices of NOMS, MINS, Small Saccades, 
and Large Saccades , were the dependent variables in each of the compari- 
sons. Across all four designs the analysis, as summarized in Table XIV, 
shows significant differences varying from p < 0.05 to p « 0.01 between 
the Static and Dynamic groups of scenes on five of the comparisons. The 
significant differences are for MINS on the first design, NOf^lS and Large 
Saccades on the third design, and Small Saccades and Large Saccades on 
the fourth design. Althou^ the rest of the differences do not reach 
significance, it is relevant to note the direction of the differences and 
the consistency of the direction. With only one exception- -Large Saccades 
on Design two--I)ynamic scenes have fewer NOIvIS, more MINS, more Small Sac- 
cades, and more Large Saccades than Static scenes. In other words, the 
scenes with moving objects elicit more eye movements than the scenes 
with stable objects. 

An analysis of the scene differences for each design within the 
groups, tends to support for the most part that the significant differ- 
ences, where they occur, are due to the categorization of Static vs 
Dynamic rather than to other characteristics of the scenes themselves. 

C omplexity > Question 2: Are there significant differences in 

subjects' eye-movement indices between scenes which 
are classified as Simple and otliers classified as 
Complex, all other scene variables held constsoit? 

There are no significant differences for any of the eye- 
movement indices on the comparison between Simple and Complex scenes. 

Thus it appeeurs that the complexity of a scene does not influence the 
eye-movement indices of a subject. Only one analysis was run since there 
were no other groupings of scenes on which all the variables except com- 
plexity were held constant (Table XV). 

Novelty . Question Ti: Are there differences in subjects' eye- 

movement indices between scenes which are classified 
as Familiar and others classified as Novel, all other 
scene variables held constant? 

Analysis of the eye-movement imllces on scenes which were clas- 
sified as Familiar and scenes which were classified as Novel indicates no 
significant differences on any of the comparisons for the indices of NOMS, 
MINS, and Small Saccades. Two of the comparisons do reveal significant 
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Table XV - Stuimiary Table: ANOVA on Simple vs Complex Scenes 



at i s t i c 

Index 


Means 

Simple Complex 


Mean 

Squares 


F- 

Ratio 


d.f. 


1 


0.7108 


0.7121 


0.0000222 


< 1 


l,2o 


2 


0.2008 


0.2097 


0.0000000 


< 1 


1,26 


3 


0.0543 


0.0507 


0 .0000000 


< 1 


1,26 


k 


0.0311 


0.0275 


0.0000000 


< 1 


1,26 



differences between Familiar and Novel scenes on large Saccades. These 
differences are significant at the 0,025 and 0.01 levels, respectively. 
In general, the analysis of the individual scenes suggests that the sig- 
nificant differences found are due to the characteristic of Familiar and 
Novel, Since one difference is caused by the Novel scenes having more 
Large Saccades and the other fran the Novel scenes having fewer Large 
Saccades; however, no conclusion can be drawn with regard to the influ- 
ence of this variable on Urge Saccades. The influence of this variable 
on the other eye-movement indices is negligible (Table XVI ). 



Tvpe of Movement. Question h: Are there differences in sub- 

jects ' eye-movement indices between scenes 
which are classified as Reversal and others 
classified as No-Reversal, other scene vari- 
ables held constant? 

As defined in the problem statement. Reversal is a type of 
movement in which the foreground appears to be moving when in actuality 
the background is moving. No-Reversal is a type of movement in which 
the foreground is moving. Two analyses provide information with which 
to answer the question ccoiparing these two types of scenes. A svmmary 
of the results is given in Table XVII. 

Differences between the Reversal and No-Reversal scenes on NOtlS 
and MINS reach extremely high levels of significance, well beyond the 
0.01 probability level for both analyses. The indices of Small Saccades 
and Large Saccades are significantly different on the first ccciparlson, 
but not on the second. The significant differences between the two types 
of scenes indicate that those scenes with the Reversal characteristic 
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have fewer N0!1S, more MINS, more Small Sac cades and more Large Saccaden 
than the No-Reversal scenes. The Reversal scenes, therefore, when car- 
pared to No-Reversal scenes, receive similar eye-movement responses Irom 
siibjects to the overall Dynamic scenes when they are ccmpared to Static 
scenes. That is, the subjects exliibit more eye movements to the Rever- 
sal scenes. Since only two scenes vrere compared in each of the two 
analyses, no further infomation is available to check whether the diffe 
ences obtained are a result of the Reversal and No-Reversal classifica- 
tion or due to other characteristics within the scenes themselves. 

Clarity. Question 5: Are there significant differences in 

subjects’ eye-movement indices between scenes which 
are classified as Clear and others classified as 
Unclear, all other scene variables held constant? 

Inspection of the single analysis ccmparing eye movements ^on 
Clear and Unclear scenes reveals that there are statistically signiiican 
differences on both Small Baccades and Large Saccades. The significance 
is at the 0.05 and well beyond the 0.01 levels, respectively. The scene 
classified as Unclear receive more large Saccades while those classified 
as Clear receive more Small Saccades. It may be that when the scenes 
are Unclear, the subjects make large eye movements in an attempt to de- 
termine what the content of the scene is. Again, since the ccmparisons 
were made on only one scene of each category type, it must be assumed 
that the differences arc the result of the scene classification. Result 
of this analysis are given in Table XVIII. 



Table XVIII - Summary Table: ANCVA on Clear vs Unclear Scenes 



Index 


Mear 

Clear 


iS 

rnclear 


Kean 

Squares 


F- 

Fatio 


d.f . 


1 




0.7593 


0.0002759 


< 1 


1 , 2 . 


2 


0.1572 


0.1'478 


0.0011816 


< 1 


1 , 2 . 


3 


O. 050 C 


0.0392 


0.0017785 


»4.354» 


1,2.: 




0.0278 


0.0532 


0 . 008'' 668 


49.355*^ 


1,2. 



*p <0.05 
<«p < 0.025 

tp < 0.01 
++P « 0.01 
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Number of Attention Centers . Question 6: Pcce there signifi- 

cant differences in subjects* 
eye-moveinent indices between 
scenes which are classified as 
Uni center and others classified 
as Multicenter, all other scene 
variables held constant? 

Two analyses were run to answer this question. The results 
show differences on MINS in one analysis and differences on Large Saccade 
in the other. Where the significant differences occur, the Unicenter 
scenes receive more ICEN responses and the Multicenter scenes receive 
more Large Saccades. That Multicenter scenes receive more Large Saccades 
is not surprising in view of the fact that a scene having many centers 
of attention would require the subject to make larger eye movements than 
a scene having only one center of attention. However, it is surprising 
that both designs do not elicit the same results. When the scenes within 
the designs were checked, it was noted that on the second design, the 
scenes classified as Multi center often included the model of the air- 
plane frCDi Piloting and Control of an Airplane . Although tins object 
included a number of areas of attention, they were not as widely scat- 
tered as the objects in many of the other scenes. This could have been 
responsible for the difference in the findings for the two designs, A 
summary of the analyses is given in Table XIX. 

Ambiguity of Meaning . Question 7: Are there significant differ- 

ences in subjects* eye-movement indices 
between scenes which are classified as 
Unambiguous and others classified as Ambig- 
uous, all other scene variables held con- 
stant? 

The data analysis of scenes classified as Unambiguous and 
scenes classified as i^ribiguous shows marked differences between these 
two type of scenes on NOHS in one analysis (p < O.Ol) with the conpari- 
son almost reaching significance in the other. There Is a significant 
difference on Large Saccades (p « 0.01) in both analyses. Ambiguous 
scenes receive more and fewer Large Saccades. Although the MINS 

and Small Saccades differences do not reach significance, the direction 
is for the Ambiguous scenes to have fewer MJNS and Small Saccades. Thus 
it appears that scenes which have more than one possible meaning induce 
a more fixed type of eye reaction rather than large movement while 
scenes with only one possible meaning induce larger e>e movements. 

These results are presented in Table XX. That the differences identi- 
fied are due to the scene classification rather than any other character- 
istics of the scenes themselves is supported by the individual scene 
analysis . 
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0,0396 0.0177 0.006^682 64.553-*^ l,2d 0.0555 0.0278 0.0103556 66.255' 



Unity of Elements . Question 8: Are there differences In sub- 

jects* eye-movement indices between scenes 
which are classified as Distractive and 
others classified as Intef^rative , other 
scene variables held constajit? 

The analysis of variance an this question results in differences 
in NOMS and MINS at the niid 0,0^) levels, respectively) 

in the direction of more NOMS and fewer MINS on the scenes classified as 
Integrative. These scenes also receive fewer Small Sac cades and fewer 
Leurge Saccades although the differences do not reach significance. 

Further analysis of the individual scene differences supports the idea 
that the differences result frcm the classification variable (Table XXI )• 

Arousal . Question 9- Are there differences in subjects* eye- 
movement indices between scenes which are classified 
as Tranquil and others classified as Arousal, all 
other scene variables held constant with the exception 
Ox that variable entitled Unity of Elements (Distrac- 
tive vs Integrative)? 

For this analysis, it was not i>ossible to control for all other 
scene veiriables since no scenes were available with only the desired 
cheir act eristic differing. Tlierefore, the added variable may produce a 
confounding effect. In this respect, the actual scenes compared were 
classified as Tranquil with Integrative elements and Arousal with Distrac- 
tive elements. Analysis of the indices for these scenes (Table XXII ) 
shows that differences between Tranquil and Arousal scenes occur only 
cn Small Saccades. The level of significance for this difference is 
0 . 025 . 



When individual scene differences are analyzed on Small Saccades, 
the results show that the scene differences are a result of the classifi- 
cation. It is still questionable, however, as to whether the difference 
in the scenes is manifested from the Tranquil-Arousal categorization or 
the Distractive-Integrative classification. Because no differences are 
found on Small Saccades in the Distractive-Integrative comparison with 
all other variables held constant on the previous analysis, it appears 
that the difference can be attributed to the Tranquil- Arousal breakdown. 



Audio . An additional question was asked to determine whether 
there are differences in subjects* eye-movement indices 
between scenes with the same variable classification 
with different types of auditory cues. In order to 
answer this question, scenes were classified into those 
having auditory cues which directed the viewer to a 
particular part of the screen (called Direct cues) and 
those having more Indirect auditory cues. 
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Table XXI - Summary Table: ANOVA on Integrative vs Distractive Seenes 



is tics 

Index 


Means 

Distractive Integrative 


Mean 

Sqtuares 


Ratio 


d.f. 


1 


0.7121 


0.7539 


0.0236259 


6.577*^^ 


1,26 


2 


0.2097 


0.1799 


0.0120154 


5.264* 


1,26 


3 


0.0^07 


0.0431 


0.0007904 


2.177 


1,26 


4 


0.0275 


0.0231 


0.0002565 


1.797 


1,26 


*p < 0.05 












< 0.025 













Table XX TI - 


Summary Table: 


ANOVA on Tranquil vs 


Arousal 


Scenes 


^"\^atistic 


Means 




Mean 


F- 




Index 


Tranquil Arousal 


Squares 


Ratio 


d.f. 


1 


0.7655 


0.7503 


0.0031345 


1.201 


1,26 


2 


0.1643 


0.1691 


0.0003130 


< 1 


1,26 


3 


0.0318 


0.0446 


0.0022298 


6.001** 


1,26 


4 


0.0362 


0.0359 


0.0000012 


< 1 


1,26 



»«p < 0.025 
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The data analysis reveals that different types of auditory 
cues have a significant effect only on Large Saccades, In this instance, 
scene differences are significant well heyond the 0.01 level. Scenes 
with^Direct cues receive more NQ-IS, although the differences do not reach 
significance, and fewer Large Saccades. This may have been caused by 
less need for searching behavior in such scenes. Inspection of the indi- 
vidual scenes within a group reveals that the major differences are in 
fact from scenes of different auditory types rather than other scene 
characteristics. The results of tMs analysis are summarized in Table 
XXIII. 



Table XXIII - S^jmmary Table: ANOVA on Direct vs Indirect 

Audio Cue Scenes 



i s t i c s 

Index 


Means 

Direct Indirect 


Mean 

Square? 


F- 

Ratio 


d.f. 


1 


0.7hh7 


0.7217 


0.0071716 


2.307 


1,26 


2 


0.1802 


0.1887 


0.0009677 


< 1 


1,26 


3 


0.0510 


O.Ol*55 


0.000^*023 


< 1 


1,26 




0.02J40 


0.01*26 


0.0046612 


26.804++ 


1,26 



■'"‘■p « 0.01 



Film Differences . A final analysis was conducted to determine 
if scenes which were Identical on the variable classifications but came 
frcoi different films would elicit different eye-movement responses. 

Eight distinct analysis of variance tests were run compaiing scenes of 
like classification from different films. As many conparisons as it was 
possible were made in view of the restriction of number of scenes which 
could be controlled. All of the comparisons reveal no si ©lif leant differ- 
ences on NCt^S and MINS (Table XXIV). Film differences do affect the eye- 
movement indices of Small Saccades and Large Saccades in a few instances. 
When the significant differences occur, the analysis of variance test to 
check the scenes within groups reveals the differences are due to char- 
acteristics of the films rather than particular scene elements. However, 
the results for most of the comparisons add substantiation to the finding 
that the scene variables rather than the films themselves have more effect 
on the eye-movement indices, particularly on N0f'!S and MINS. 
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S ur.iraary and DiSv " U3s: on ^ Eesu H s on Eye«>!ovement u i dices . 
Controlled study of all variables in tele lessons and/or motion pictui'es 
vould be an almost impossible task. For this reason, this study was 
exploratory in nature to identify those variables which v;ould be the most 
meaningful for futur'e research. Thus the results sho^old be considered 
tentative. Those variables identified as having potential impoitsnce will 
need controlled study before any definite conclusions can be dravm. 
Nevertheless, the results do add meaningful data to the present kiiOwledge 
not only of variables important in the study of television and motion 
pictures but also to the knowledge of eye movements themselves. 

The first part of the analysis of eye-movement indices was to 
determine what types of eye movements subjects use in viewing dynamic bi- 
dimensional fields such as educational television and motion pictures. 

In the pilot study, the eye movements observed did not correspond to the 
dichotomy of fixations and saccades usu^^J-ly reported by educational 
researchers. Rather, the data fell into a continue of movements includ- 
ing No Observable Movements, Minimovements, Slides, and Saccades. One 
purpose of the present study was to verify the existence of this continuum 
of movement. 

Movements quite similar to those observed in the pilot study 
were identified. These data also fail into a continuum of velocities 
rather than the extremes of fixations and saccades. These movements were 
termed No Observable Movements (NOMS), Minimovements (MINS), Small Saccades, 
and Large Saccades. The analysis of the data was conducted using these 
four indices. 

Another major purpose of the study was to determine whether 
subject characteristics such as age and intelligence and various stimulus 
characteristics, i.e., type of film and scene variables, influence the 
eye-movement indices. In addition, a study was made of the relacionship 
of the subjects* recall of the stimulus films and the eye movements they 
display. The first analysis was a three- factor analysis of variance 
including age, intelligence, and films as the independent variables and 
each of the four eye-raoveraent indices of NOMS, MINS, Small Saccades, and 
Large Saccades as the dependent variables. The results of these analyses 
showed only one significant main effect which was for Large Saccades on 
Films. Since the two films which differ the most on this index are 
Weather and Water , it is probable that the variable of motion influenced 
the finding. Weather is a slow-paced film in which only a few elements 
move at a time. In contrast, VJater is an extremely dynamic film many 
scenes of which have moving objects. Since Water has more Large Saccades, 
this may mean that the subjects made more large excursion types of move- 
nents to f oilers the larger number of moving objects. The fact that this 
analysis was conducted over the entire stimulus may be the reason for no 
other significant results. A washout effect nay have occurred because of 
the length of the stimulus. The remaining analyses were conducted using 
eye movements over shorter se^^ents of data. 

The next analysis was a multiple correlational analysis using 



0V7O learning tests called Visual Recognition and Visual and Auditory 
Recall ^ along ^^th age and intelligence, as the predictor variables and 
the four eye-moveirient indices separately as the criterion variables. A 
f iirly consistent pattern of relationships emerged from this analysis. 

It v/as found that intelligence is significantly related :o both NQI’IS and 
MINS. In the case of NOMS the relationship is negative and in the case 
of KINS relai : ship is pcsHive. This finding verifies the result 

from the pilot sti .y thit intelligence Is significantly related to the 
eye movements the subjects exhibit. However, the direction of the rela- 
tionship is opposite to that toond in the pilot study. Data for the 
correlations in the pilot study were derived from a single scene and 
that scene was static. Nunierous scenes, most of which were dynamic, 
were analysed in this study. Thus the difference in type of scene (i.e., 
whether it was Static or Dynamic) may have caused the difference in the 
direction of the correlations.* 

The correlations of NCX4S, MINS and intelligence in the pilot 
study Mere also much higher. Of necessity, the subject sample for the 
present research was restricted in range of IQ scores since children 
with Low IQs have quite often dropped out of school by the junior high 
school level. The sample for the correlational analysis was in the 
average and above-average range. For this reason, it is assumed that if 
subjects with lower IQ scores had been included in the sample, the corre- 
lations would have been much higher. That a significant correlation is 
found at all, therefore, is quite meaningful. 

Learning and age are not found to bo significantly related to 
the eye-niovcment indices. This adds verification to the finding in the 
pilot study that learning is not related to eye movements. The project 
staff had suspected that the learning instrument constructed for the 
pilot study may have been responsible for the negative results in that 
study. As a result, they constructed two instruments for this study in 
which the visual content of the stimulus and the visual and auditory con- 
tent combined were incorporated. Even with this effort, the findings are 
negative. It is possible that the measurement instruments for learning are 
still inadequate in spite of fairly hi^ reliabilities (r--0.8C» and O.w)* 
On the other hand, it is entirely ])Ossible that the recall of the subject 
after the experimental session is finished has little or nothing to do 
with the eye movements he exiiibits at the time the session is taking 
place. Future studies might consider the relationship between immediate 
recall on the stimulus and the eye movements for that stimulus. Computer- 
assisted instruction would offer a convenient means for studying tliis 
relationship. A few recent studies in the area of clinical psychology 
have indicated that the think ii^g cf the subject may influence the eye- 
movement patterns. For example, iji one study^* wiien the subjects were 



^Dynamic scenes elicit fewer an I more MINS. 

*^Jobn S. Afilrobus, Juditii E. Aj/robus, and Jerome t. Singer, ^^f^e Move- 
ments Accompanying Daydreaming, Vi bud Imagery, and Ihought Suppression,” 
J. Abnormial nnd Soc. isy., • 9d 



asked to imagine and then to suppress ^ the differences in the number of 
some types of eye movements reached significance. Eye-movement studies 
in education which attempt to clarify how thinking patterns are related 
to the eye-movement indices might be quite revealing. Controlled studies 
in which specific directions are given to the subject requiring him to 
perform various mental tasks, ranging from the simplest up to problem 
solving, might give researchers an insight into eye-movement indices. 

This would be helpful in future work on children *s thinking. 



In the analysis of scene variables, all of the scenes were 
classified with regard to motion, complexity, novelty, clarity, number of 
attention centers, ambiguity of meaning, unity of elements, and arousal 
characteristics. In addition, the typ>e of audio used in a few scenes was 
considered. 

The comparisons show that the motion in a scene has a definite 
influence on the eye-movement indices of the subjects. Scenes classified 
as Dynamic have fewer No Observable Movements, more Minimovements, more 
Small Saccades, and more Large Saccades than Static scenes. In other 
words, the scenes with movement elicit more eye movements from the sub- 
jects. This indicates that as objects in the scene move, it becomes 
necessary for the subjects to move their eyes more to follow the objects, 

A similar pattern of eye- movement indices is fourd on the Reversal scenes. 
Reversal is a type of movement in which the background moves instead of 
the foreground. This variable serves essentially the same function as 
the Dynamic variable in that it takes more eye movements of the subject 
to follow the Reversal type of movement than it does for him to follow 
the No-Reversal movement in which the foreground objects are moving. 

Variables which do rot affect the eye-movement indices are Com- 
plexity and Novelty. This may appear surprising since a few researchers 
have recently reported that these two elements did have an effect on eye 
movements in their studies. It should be noted that those researchers 
were reporting the Influence of Complexity and Novelty on where the sub- 
jects look not they look. A report on the influenc^^ of these vari- 
ables on where the subjects look is given in the next section of this 
chapter. 



Comparisons of scenes classified as Clear-Unclear, Unicenter- 
Multicenter, Unambiguous-Airbiguous , and Direct Auditory Cues-Indirect 
Auditory Cues, also show significant differences in the eye movement 
indices. The classifications of Unclear, Multicenter with widely-spread 
objects, Unambiguous and Indirect Auditory Cues elicit more Large Sac- 
cades than scenes with classification?i of Clt'.,r, Unlcenter. Ambiguous 
and Direct Auditory Cues. Significantly more Small Saccades occur on 
scenes v^ith classifications of Clear and Arousal than those classified 
as Unclear end Tranquil, Integrative scenes have more UOtAS and MINS than 
do Distractive scenes. 

Thus various scene variables do influence the eye movements. 
Variables which have an effect on all four eye-moverrient indices are the 
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categories of Dynanic-- Static and Reversal--Nc-Reversal. Further ' 
IS needed to determine the exact function of the eye movements in Le’.a- 
ion to the identified stimulus variables. Research to determine th- 
ollferences in function of Small Sac cades vs Large Saccadcs and KOfiS v: 
MINS should also prove fruitful. 



Descriptive Analysis 

Data reported here were analyzed to determine where the subjects 
look and for v/hat proportion of time. Computer programs were written 
to print out the data in terms of the number of frames of eye marker .s 
falling on each of the points of the field. These data were called the 
density data. In addition, a computer program was written to give a 
of topographical map- -a cluster analysis--of the subjects' viewing pat* 
terns for a particular scene. Since the eye raajrker data first appeared 
without being overlaid on the objects in the scene, a clear view of tlic 
eye-movement patterns of the subjects on different scenes was availabje. 
The first question was whether the placement of objects in a scene affects 
the vievr^ng pattern. It was quite obvious merely from inspecting the 
printouts across scenes that the placement of the objects did affect the 
pattern. A typical example of the differences occurring across scenes 
appears in the following printouts. On the first scene of a sequence, 
26.10 (Fig. 10), the right side of the screen is filled with objects 
while the left side of the field is blank. The particular group of sub- 
jects whose data appear in this printout look almost exclusively at the 
filled side of the screen. On the second scene in the sequence, 26.20 
(Fig. 11), in which objects fill both sides of the field, these same sub- 
jects show quite a different pattern of viewing. These printouts are 
representative of the various printouts in that they show how the place- 
ment of the objects in a scene changes the pattern of viewing. Although 
the printouts from the cluster analysis were used initially to check such 
pattern differences, the density analysis was found to be more helpful 
for descriptive purposes since numerical data were available. Thus these 
data were used for the remainder of the descriptive analysis. 

Den sity Analysis . In order to answer the questions relative to 
what elements of a film influence the eye movements of subjects and what 
types of objects attract the subjects' attention, the computer printouts 
with the density of eye raarkver data were analyzed. Replicas of the par- 
ticular scenes to be analyzed, in terms of the objects within the scene, 
were carefully plotted over the respective printouts to determine where 
the eye markers fall relative to these objects. In the density analysis, 
the areas with the hipest number of frames of subjects* eye markers and 
the stimulus objects falling In those areas were considered. Proportions 
of eye markers falling on the objects of interest were compared in an 
attempt to answer pertinent questions of the study. 
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Clusters 26.10 High Age Split Screen, Right Filled 
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The purpose of this analysis was to determine if certain vari- 
ables such as novelty of the objects, type and number of objects, move- 
ment within the scene, auditory and visual cues, and replication of a 
scene influence where the subjects look. In presenting the results of 
the analysis, a specific question of the study will be stated, followed 
by the data to answer that question. A summary of the results of the 
density analysis is presented at the end of this section. 

Novelty . Question 1: When a series of scenes appear in which 

one new element is added to an otherwise unchanged 
scene, will the subjects concentrate more hea.vily on 
the new element than other portions of the scene? 

Will there be IQ and age differences with respect 
to this viewing pattern? 

A series of five scenes (Scenes 2,3 - 2.8) frcmi the award- 
winning film Weather were used to answer this question, A complete des- 
cription of the visual and auditory portions of all scenes appears in 
the scenario in Appendix G, On the first scene in the sequence, a pic- 
ture of the Earth surrounded by its atmosphere appears. The subjects 
concentrate on the center of the Earth almost exclusively as 91^ of all 
subjects* eye markers fall in that area. Of the 9^ remaining, 8^ of 
the markers are on an area outlined by the atmosphere. 

In the next scene where the first new element appears-- rays 
reaching the atmosphere- -the subjects change their emphasis and of 
the concentration is now on the new element of rays while only 36*^ of 
the eye markers are still on the Earth, The atmosphere receives the 
third highest concentration with 13 ^ of the eye markers falling in that 
area. 



On the third scene with the second new element--rays penetrat- 
ing the atmosphere--50^ of the eye markers are on the new element, 29 ^ 
are still on the rays from the preceding scene, and only 20^ of the eye- 
markers are concentrated on the Earth, 

The next scene adds still another new element--rays are now 
reflected from clouds. Again, the new element of clouds receives the 
most attention with a density in that area of The middle of the 

atmosphere without clouds receives the second highest density of markers 
with 30^> and the Earth receives the third highest with 2^, 

The last scene in the sequence contains mjmerous elemients in- 
cluding the Eai"th, rays to the atmosphere, rays penetrating the atmos- 
phere, rays reflected from clouds, and a new element, rays reflected 
from the Eairth. Thl5 element receives only 20J& of the concentration. 
Other higher areas include the Earth with 2Sf% and the middle of the 
atmosphere with 21^, Clouds also receives attention with 15^. 

A possible explanation for the change in the viewing pattern 
of tne subjects in this last scene may have been that there are now too 
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Fig, 12b - Density for all Subjects on Scene 2.3 
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Fig. 13b - Density for all Subjects on Scene 2.U 






Fig. lha. - Scene 2.6 Rays Penetrating the Atmosphere 
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Fig. 15a - Scene 2.7 Rays Reflected fron Clouds 
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Fig. l6a - Scene 2.8 Rays Reflected from the Earth 




many elements in the scene to attract the attention of the subjects to 
the new area. The scene may be too ’’busy'' visually and thus the sub- 
jects are distracted from the major visual point. It should be noted, 
however, that the variable of novelty, in terms of a new element added 
to each scene, appears to attract the majority of the eye markers in all 
of the preceding scenes in the sequence. 

The data for this sequence were next analyzed in order to de- 
termine if there are any age and/or IQ differences in the viewing pat- 
terns for these scenes. In general, the viewing patterns of High IQ vs 
Low IQ subjects and High Age vs Low Age subjects do not differ substan- 
tially. For the most part. Low Age subjects seem to concentrate slightly 
more on the new elements than do the High Age subjects. It may be that 
the Low Age subjects take longer to identify the new element. On the 
whole, the proportions of eye marker concentrations for the subgroups 
are comparable to those of the entire sample. A summary of the propor- 
tions for all subjects, as well as the IQ and age comparisons, is pre- 
sented in Table XXV. 

Type of Object . Question 2: On scenes in which a narrator 

appears, will the subjects look at the 
narrator's face more than all of the other 
visual areas of the scene? When there aje 
varying degrees of manipulation of an ob.ject 
by the narrator, vlll the subjects still look 
at the narrator's face a large portion of the 
time? With reference to these questions, will 
there be differences in the viewing pattern 
accoi’ding to the intelligence level of the 
subjects? 

In the pilot study, the stimulus was heavily saturated with 
narrator scenes. This question was derived from that study where the 
subjects concentrated on the narrator's face often to the exclusion of 
demonstration items. 

Several scenes in which a narrator appears, from the film 
Piloting and Control of an Airplane , were analyzed to determine if a 
similar viewing pattern occurs in tMs study. In these scenes, the nar- 
rator manipulates a model airplane on a stand to varying degrees. He 
manipulates the plane only a small amount in a few scenes while in other 
scenes he manipulates the plane a great deal. The question was concerned 
with whether the subjects, grouped according to intelligence, would look 
at the narrator's face more than at any other object in the scene. A 
typical scene where lictle manipulation is taking place is given in 
Fig. 17. 



Generally speaking, regardless of intelligence, the subjects 
look very little at the narrator's face. This occurs for scenes in 
which there is little or no object manipulation and scenes in which 
there are varying degrees of object manipulation. Subjects appear more 
interested in aspects of the plane. The density analysis does show, 
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however, that in all of the scenes subjects tend to look at a general 
area directly below the narrator’s face a great portion of the time. 
This area includes the narrator's tie which is dark against a white 
background. TMs area is located between the face and the plane. In 
Scene 15.30 where the narrator is demonstrating with his hand and a 
pencil, the subjects look more at that area than any other area of the 
scene although the tie and torso still receive a great deal of atten- 
tion. The resu-lts for four of the narrator scenes are presented in 
Table XXVI. Further comments on these responses may be found in the 
discussion at the end of this section. 



Table XXVI - Proportions of Eye Markers Falling on Visual Areas 

of Scenes 10.10, 13.01, 13*02, 15*30 Narrator Scenes 



Scenes 


Face 


Tie and Torso 


Plane 


Other 


Little or No Object 
Manipulation 










10.10 
High IQ 
Low IQ 


0.105 
f .081 


0.628 

0.630 


0.102 

0.111 


0.162 

0.177 


13.01 
High IQ 
Low IQ 


0.126 

0.164 


0.357 

0.108 


0.43^ 

0.564 


0.081 

0.164 


Varying Degrees of 
Object Manipulation 










13.02 
High IQ 
Low IQ 


0.000 

0.046 


0.102 

0.148 


0.710 

0.627 


0.185 

0.177 


15.30 

High IQ 
Low IQ 


0.160 

0.116 


0 .j 60 

0.333 


0.023 

0.009 


0.453* 

0.539* 



^Includes hands moving pencil to demonstrate. 
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Question 3: On two scenes where, in the first, 

there is a split screen with information on one 
side 01 the screen and an empty space on the 
other side, will subjects look more at the filled 
space than at the unfilled space? In the seccnd 
scene v^here the blank space is now filled, but 
the information in the other half remains the 
sajne, will subjects look more at the newly- filled 
area? In reference to the above questions, will 
there be differences in the viewing patterns of 
subjects of different age and intelligence levels? 

Subjects^ responses were analyzed to the simplest type of 
field possible, a blank space, versus a more complex field with objects. 
Regardless of age or IQ, subjects look predominantly at the filled side 
of the screen on the first scene. The density of the IQ groups is shown 
in Figs. l8b and l8c. On the second scene, where both sides of the 
screen are filled with objects, there are few differences in the view- 
ing patterns of the respective age groups. All three groups spend 
roughly half of their time looking at each side of the split screen, 
although the Middle and Low Age subjects spend sli^tly more time still 
looking at the originally- filled side while the High Age subjects spend 
more time on the newly- filled area. 

In contrast, when IQ groups are compared, marked differences 
occur. The High IQ group looks more at the newly- filled side than does 
the Low IQ group. The Low IQ subjects look almost equally at both sides 
of the split screen although they spend slightly more time still looking 
at the originally- filled side. The comparison of IQ groups is shown in 
Figs. 19 b and 19c. Proportions of eye markers falling in these areas 
for all of the different groups on the two scenes are given in Table XXVII. 

A possible reason for the difference in IQ groups on the second 
scene may be that the right side of the first scene, 26 . 10 , is fairly 
complex since it has various objects appearing in it. The scene is also 
brief as it lasts for only fcyor seconds; Scene 26.20 also lasts for a 
short time, five seconds. Low IQ subjects may have had more difficulty 
than the High IQ group In comprehending fully the stimuli in the ini- 
tially half- filled screen before the other half of the screen was 
filled. 
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third highest density 

Fig. I6b - Density for High 1,0. ^uboecls on Scene 26.10 
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second highest density 
third highest density 

Fig, l8c - Density for low l,0» riJb.iects on Scene 2''. 10 
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Fig. 19c - Density for Low I.Q. Subjects on Scene 26.20 
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Type and N^junber of Objects . Question 4: When only a single, 

static object appears on the 
screen, vrill subjects' eye markers 
tend to cluster aroxind this object 
rather than being scat:erei through- 
out the area of the screen? 

This question is socnewhao similar to the first x>arb of the one 
preceding in that all of the area surrounding the single, static object 
is blank. Two scenes in which a simple object- -a large drop of water — 
appears in the center of the screen were used for this analysis. Analy- 
sis of the water drop the first time it appears showed that 98 ^ of the 
eye markers fell on or iirimediately around it. The situation was quite 
similar in the second scene with 94^ of the subjects' markers located 
on the water drop. 

In this instance, the single object drew the attention of the 
subjects. This indicates the effectiveness of placing only ojie object 
at a time in the scene if focused attention is definitely needed. This 
scene has the classification of Simple, Static, and Unicenter. When the 
eye markers of the same group of subjects on another scene which has the 
classification Simple, Static, and Multi center were anal>i::ed, a quite 
different pattern of viewing was evident. In the latter scene, 31.10, 
the subjects had many density clusters; i.e., they looked at miny places 
on the screen. This indicates that the number of objects on the screen 
does effect the pattern of viewing. 

Movement . Question On a scene in which it appears that a 
foreground object is slowly moving, will subjects 
look in the area of movement more than in the seeui- 
ingly stable regions of the scene? 

In the scene used to answer this question, the "slowly- moving 
object" is a dramatized cold front moving toward a city. In actuality, 
the cold front only gives the appearance of movement since the background 
and city are moving instead. The foreground immediately below the front 
does not move. It was thought that the cold front would induce track- 
ing and thus the subjects' eye markers would appear on the front. Thirty- 
two percent of the subjects' eye markers are found in the area of the 
front. However, 34^ of the markers are located in the stable foreground 
region below the moving front and the city. Twenty percent of the eye 
markers fall on the city and l4^ on the moving background. Thus the 
sxujjects divide their attention fairly well among the seemingly moving 
front, the stable foreground region below the front and city, and the 
background and city which aro actually moving. A suniriary of the propor- 
tions of subjects' eye markers which are found in the various object 
areas is given in Table XXYXII and the density of subjects' eye markers 
are shawn in Fig. 20b. 
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Fie* 20b - Density for Selected Subjects on Scene 7.10 



-’able XXVIII - Prapoii^ions of Sve l^arkei's 
Falling on Visual Areas of 
Scene 7.10 



Visual ^Irea Proportions 



Foreground 


0.3^t0 


Cold Front 


0.321 


City 


0.197 


Other ( Background ) 


O.liiO 



Movement . Question 0; On a scene in which there are quick 
transitions from subscene to subscene will the 
subjects concentrate their attention on the center 
of the screen rather than attempt to follow the 
action? That is, does the ’’Surrender Phenomenon/^ 
observed in the pilot study, occur? 

In the pilot study when an extremely fast-paced sequence was 
used as the stimijilus, the subjects attempted to follow the moving objects 
when they first appeared but then this initial tendency was replaced by 
a concentration only on the center of the screen. Since the subscenes in 
that sequence were introduced by quick cuts, a sequence from the present 
stimulus which was introduced in a similar manner was analyzed to deter- 
mine if the subjects* eye-movement responses ai'e similar. Analysis of 
eye marker density data for these scenes reveals that subjects do look 
predominantly in the central area of the screen. Ninety- four percent of 
the eye markers are found in this region. It should be noted, however, 
that in several of the subscenes the major object of interest is located 
approximately in the center of the stimulus field. In the remainder, the 
stimuli are scattered throughout the screen. The analysis of the pilot 
data and the data from this study indicate that scenes introduced by 
quick cuts which are dynamically complex elicit a central fixation tend- 
ency. Caution iDjst be used in interpreting these data; however, since a 
confounding factor is present. 

Cues --Auditory . Question 7" On a scene where an auditory cue 
is givei-i, will the subjects concentrate more 
heavily in the area referred to by the cue 
thaji on Ollier element" of the scene? Ai'e there 
differences in the eyc-rnovement responses to the 
auditory cue accoriing to the uitelligence level 
of the Eub.iect? 

To answer this question an analysis was made of Scene 11.31 
from Piloting and Control of a n Air t lane in which the narrator specifi- 
cally directs the subjects to a particular stimulus ai'ea through the use 
of an auditory cue. The siiccific area to whiich the narrator refers 
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Scene 11.31 Auditory Cue 





Fig. 21b - Density for Selected Subjects on Scene 11.31 



is the crossing of the narrator »s finger and a pencil. The subjects for 
the most pairb do not focus their attention on that region--it receives 
only 19^ of the subjects' eye markers. The subjects look more at various 
aspects of the plane that appears in the same scene. Sixty- five percent 
of the subjects' eye markers fall on the plane, as can be seen in 
Table XXIX. 



Table XXIX - Proportions of Eye Markers Falling 
on Visual Areas of Scene 11.31 



Visual 

Areas 

Groups 


Audio Cue Area 


Plane and Cockpit 


Other 


Selected 

Subjects 


0.191 


0.653 


0.155 


High 

IQ 


0.125 


0.823 


0.051 


Low 

IQ 


0,221 


0.612 


0.167 



When the difference between the High and Low Intelligence 
groups is analyzed, it is found that there is no appreciable difference 
in their viewing patterns. Relatively speaking, the Low IQ group does look 
more at the particular area to which the auditory cue is directed than does 
the Hi^ IQ group. The proportions of eye markers falling in this area 
are 2?^ and 13^, respectively, for the two groups. There does seem to 
be a rather appreciable difference between the two groups with regard to 
where the remainder of their eye markers fall. Eighty-two percent of the 
High IQ subjects* markers are located in the region of the plane, whereas 
61^ of the Low 10 subjects* markers are focused there with \% of the 
latter group *s eye rnarkers on other areas of the screen. 

Generally speaking, a possible explanation of these results 
could be that even though the narrator does direct the viewer to a speci- 
fic area, the subject matter to which he is referring concerns elements 
of the plane. This explanation might be an alternative to a simpler 
interpretation--that aspects of the plane were more interesting to the 
subjects . 
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Cues>»Visti al> Question 8: On a scene where a visual cue in 
the form of a superimposed word appears on the 
screen, will the subjects concentrate their 
attention more on the cue than on other elenents 
of the scene? v;ill there be differences in che 
viewing pattern of incelligence groups on this 
scene? 

This question is somewhat similar to the one immediately pre- 
ceding excep^t that this stimiilus area is defined by a visual cue. 

In a Scene from Piloting a nd Con trol of an Airplan e, the narrator is 
demonstrating tlie Pitch" of an airplane with the word "Pitch" super- 
imposed on the screen. .As with the auditory cue scene, the majority 
(hl%) of eye markers fall within the area of the plane. This is true 
for both the Higji IQ and the Low IQ subjects and respectively). 

Of the major stimulus ai'eas of this scene, "Pitch" receives the least 
density of eye markers. It is possible that the subjects did read the 
word since it has only five letters and of the markers do fall in 
that area (see Table XXX) . That many of the subjects did read the super- 
imposed word is somewhat substantiated by comparing Scene l4,2 with Scene 
14.3* These two scenes are the same visually except in the latter, the 
word "Pitch" appears. Combining the stand area with the "Pitch" area, 
since the stand area in lU.2 includes the area where the superimposed 
word appears in l4,3s it may be noticed that there is a shift in emphasis 
between these two scenes. As shown in Table XXXI| more eye markers are 
centered in the stand and pitch area on Scene 14.3 than on l4.i particu- 
larly for the High IQ group. This shows that the superimposed word does 
attract the attention of at least a few subjects. 

Table XXX - Proportions of £ye Markers Falling on 
Visual Areas of Scene 14.30 



Visual 

Areas 

Grou}>s 


i laiie 


otaild 


'Titch" 


Other 


Selected 

Subjects 


0 Jtl 2 


0.395 


0.13' I 


0 

0 


High 


IQ 


0.950 


0.239 


0.190 


0.098 


Low 


IQ 


0.51't 


0.291 


0.083 


0.149 
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Fig. 22a - Scene 1 U .3 Visual Cue "Pitch' 
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Fig. 22b - Density for High I.Q. Subjects on Scene IU .3 




Fig. 22c - Density for Low I.Q. Subjects on Scene 14*3 



Table XXXI - Proportions of Eye Markers Falling on 
Visual Areas of Scenes lh.2 and 1^.3 
for High and low IQ Groups 





High IQ, 


J>ow 


IQ 


Scene 


14.2 


14.3 


14.2 


i4.3 


Plane 


0.599 


0.550 


0.538 


0.514 


Stand and 

"Pitch" Areas 


0.24? 


0.389 


0.273 


0.334 


Other 


0.153 


0.058 


0.190 


0.149 



Repeated Presentation of a Scene . Question 9: On ivc scenes 

which are the same in visual 
content but which are intro- 
duced at different points in 
the stimulus film will the 
subjects display similar view- 
ing patterns on the two scenes? 
V;ill there be different viewing 
patterns exhibited by different 
IQ and different age groups? 

Comparisons were made on scenes with identical visual content 
which were introduced at different points in the sth.iulus film. This 
was done to determine the constancy of the eye markers for identical 
stimulus eureas for (1) the total gro\ip of subjects, (2) High IQ vs Low 
IQ groups, and (3) High Age vs Middle Age vs Low Age groups. The scene 
used to sinswer these questions is from an Ajax commercial wMch has 
three identifiable eureas: (l) words on the right, (2) box with words on 

the left, and (3) other (i.e., areas into which eye markers fall but 
which are not definable by the two major areas). 

In the initial scene, all siibjects seem to concentrate their 
attention for a majority of the time on the words on the right side, 
with 52^ of their eye markers located in that area. Tv:cniy-three percent 
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of the eye narkers fall on the box area with the remainder falling on 
’’other.” On the second identical scene, the words still draw slightly 
more attention than the box area, receiving kOPjo of the eye markers; how- 
ever, the box area now seems to elicit greater interest than before 
with 365 ^ of the markers focused there. 

The analysis of the viewing patterns of the IQ groups on the 
first conimercial scene shows the High IQ group to concentrate a great 
portion of the time on the words (60^) and relatively little on the box 
( 19 ^). On the second scene, the area receiving the most attention is 
reversed for this group with 36 'Jy of their eye markers falling on the 
words and on the box. On the other hand, the Low IQ group^s visual 
pattern is fairly constant with reganl to the two scenes. Forty- two 
percent of their eye markers fall on the words in the first scene with 
h^io of them falling in this seane area on the second. The Low IQ group's 
response is similar with respect to the box area since the density of 
their eye markers is on this area in the initial scene and 31 /^ on 
the second. The differences between the IQ groups is shown in Figs. 
23b-23c. 

Analysis of eye miarker concentration for varying age groups on 
these two scenes reveals results similar to those of the intelligence 
groups. The High Age group's eye markers fall on the voixis a great deal 
of the time on the first scene (63^0 with relatively little attention 
given to the box (IQ^)- On the second scene, the eye marker concentra- 
tion on the words drops to 35% while the concentration on the box is 
raised to for this group. In corrjparison , on the first scene the Low 
Age subjects attend primarily to the words with the box also 

attracting their interest (3^0* On the second scone, their responses 
remain fairly stable in that k3% of the markers are located on the woixis 
and 35% of the markers are located on the box. The Kiddle Age group 
manifests the same general pattern as does the Low Age group on the two 
scenes, but to a much lesser extent. Their eye marker concentration 
goes from a U(j% density to a ^2% density on the words and fran V7% to 
28 >t on the box. 

If one were to exclude the I Middle Age group, the viewing 
patterns of the High vs Low groups on both age and IQ are almiost iden- 
tical. Considering only the data on the age groupings, there seems to 
be a general tendency of a mobility of viewing to a stability of view- 
ing on a repeated scene as one proceeds from older subjects to younger 
ones. A similar tendency, although to a lesser degree, is noticed with 
regani to High IQ vs Low IQ siibjects. 

A possible explanation for such results may be that a tine 
factor is involved. Perhaps it took the Lower IQ or Age groups longer 
to read the words on the right, and thus they still focused in this area 
on the second scene. Th? High IQ and/or Age grai)ps may have finished 
reading the words on the first scene and the reappearing scene gave them 
an opportunity to explore stiruli in the scene which they had not viewed 
in the initial presentation. The results of this analysis for the 
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Fig. 23b - Density for High I.Q. Subjects on Scene 17. 30 
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respec'^’.ive g^roMps is ijiveri in Tfible X^'''.'aII . 



Table XXXlI - Propo''tions of Fye '.'.arbors railing on Visual 
A_"eas of Scenes 17 ., 0 a. d 17.60 



Visual Areas 

Grouys 




icei e 17 . 


.0 


Scene 17.60 


V'ord^ 


Box 


Ol-rcu' 


.' oi'ds 


Box 


Other 


PJi Subjects 


0 . 51 ^ 


.230 


0 . 2!;5 


0.397 


0.3 '2 


0.239 


i 

i^igh IQ j 


O.'Ol 


C . 194 


0.205 


0.355 


0.557 


0.088 


i 

l ow IQ 


■ 0.420 


u.278 


0.302 


0.451 


0.313 


0.236 


High A^e 


0 .' 27 


0.193 


0.180 


0.348 


0.455 


0.197 


Middle Age i 


' 0 . 4 '4 


0 . 1-8 


0.368 


0 . 4 l-': 


0.282 


0.302 


1 

I.ow Age 1 

i 


0.441 


0 . 344 


0.215 


0.431 


0.347 


0 . 222 



Surmriary and biscussion of Results of the Density Analysi s. 

The density analysis was conducted to detennin^ where the subjects look 
on the visual stimulus. As in the pilot study, the subjects concentrate 
their attention in a few well-defined areas in most scenes. Questions 
were asked in the present study concerning what elements of the scene 
affect this pattern of looking. The effect of the following elements 
was considered: hovclty of the Objects, Type and humber of Objects, 
Motion, Auditory and Visual Cues and Repetition of a Scene. 

Studies by Eerlyne^' and others have sho'wn that Novel objects 
attract the subjects* attention. [Novelty is also found in this study 
to have a decided influence on the patterji of viewing. A series of 
scenes ( 2 . 3 - 2 . 8 ) were analyzed to answer the question on novelty. In 
scenes 2 .^- 2. 8 only orie new elernent is aided to each otherwise uiiclianged 
scene. Subjects look in the area of the new elenient more on Scenes 2 .U- 
2.7 tlisn at any other area of the screen, liowever, when the last scene 
in the sequence--Scene 2 . 8 -- appears , the subjects* eye markers scatter. 
This may result from, the fact that the scene has a number of elecionts 
and may be too ’'busy" visually thus distracting the subjects from the 
new object. In each scene, the nev; element is also slo*wly m.o\'c.ng. 
Further research to doteirdne if all novel objects, or only certain 
types, attract the attention of subjects night prove useful. 
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The reapcnse of subjects to tiie lost sccn: .l>;l tiic scqu^nct. 
sugj^eats that the mimber of objects Influences the veev^lno neoteru. Tl'ls 
is verified by the analysis of scenes vlth a /av;n‘ a ' a u oei of objects. 

In one scene with only one central objf-ct--:las,:ifi 1 as oiuple. Staticj 
and Unieenter -- sub jects look at that object a^-pi o>;i. atcly 9 -7 cf the 
time. When a scene with many objects was analyzed-- ‘less! fi^d as Simple, 
Static and Kulticenter >-the subjects* eye-movement nr-sponsee h-jparated 
into a n*oifoer of clusters. When producers vash to drav; .lefinine atten- 
tion to specific objects in a scene, I'educin^/, the nnaber of objects 
appears to be an effective technique. Surrouniinu t've object by blank 
space also appears to be effective as was obbcrvnd In i:ho scene \i.bh the 
one object, as well as the scene w'ith the Split dercen vdiich has the 
blank space on one side. 



In considering the type of object as it afje:d;3 the eye move- 
ments, one question was concerned with a visible nnnator. The question 
asked was whether the subjects would look at the narrator* s face more 
than at any other area of the screen. This question is related to a 
finding in the pilot study vfhere subjects often stared at the narrator's 
face to the exclusion of demonstration items. Since many films and tele- 
lessons present concepts by means of a visible nerrater, it w^as considered 
important to check this finding with another sample of subjects and a 
different stimulus film. Several scenes *vith a visible namtoi' were 
analyzed. It was found that the subjects look iiure often at areas in 
the scene other than the narrator's face including the naL'rator's tie 
and torso, the plane which is the object of de:;io:.str?.ti zn, ani the 
narrator's hand and pencil when he is using them to dcmonsti ate. Trds 
finding shows that a narrator's face is not inherently aypcaliac, but 
that the areas of attention depend upon the oti.ii objects in th: scene. 

It should be note!, however, that on Scenes 1C. ’’0 hero the narrator Las 
not started to mianipulfte the plane an! 19.1 ), ...licn is the laoe scene 
in the sequence, a fairly large proportion of the tiuio (ran int_; fvcm 
7i% to ^4^) is spent on the areas of the i>:v coi bir.cd with the tic and 
torso. Thus a great portion of tire is :icnt cn th; rator. l'rr>iucers 
should take this into consideration an I ] ossibh^ clii-iii.ale th- lusTrijc 
narrator if the object being demonstrated ie of ovo e ir.c.u't :r.ce . 




One type of motion used by proi\;cc 's i ' tnat in \ ':v :n tVe hac- - 
ground moves instead of the fcregroiir;d. In enoh ecerr*s, objects often 
appear to move when they are actually static, icei.e 7.10 \.ae oneiy,.ei 
in this study to determine if the reverse :/tio:i drawG th':" attention of 
the subjects to the seemingly tr.oving object-- a cold front "mevung" into 
a city. Subjects ere not attract^;! to tim ' rca *-f apparonc raoticn any 
more than to other areas of the ccreei\. if;^ cjTi fronc receives of 
the eye markers wMle the stable forerrvu:.! FU’e: ii.j .ediately bclc c A ' 
front receives 34/:. Other areas, including th.- city ar.i the b.jLg?j\n 
also receive jhi, of the eye rark^r.^. This tecl.;ln';e, tn'r for*: , r^vilts 
in draviug the subjecto* attention cquall;. tj d''ff‘ r_nt r^as ol nh^ 
screen. Thus this t' pe of motion does not appear too (:f active if t-r.-r 
producers wish to draw the attention of t.V;c fA'l-jcots t'no 'T’.ovlng" 
object. The analysis of eye-mo-n:r.ent indices /s fnnt r.oljcn signifi- 
cantly affects Vtow v'nc subjects viev: a rccr.*?. >u‘‘.i.re cVuUes to cv^nsicer 
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the ini'luerice of dii'fr types of r.utioa on both hov and where the 
suojccts look would apy,*ar to be quite fruitful. 

An observation in the pilot study was that subjects tended to 
3ook at the center of the screen when a fast-paced sequence introduced 
by quick cuts appeared. When a scene with quick cuts was « nalyzed in 
this study, the same phenomenou occurred. Subjects looked in the center 
of the screen almost exclusively. This may have I e-cn caused by the 
central placement of objects in many of the scenes; however, several 
scenes contained objects widely spread throughout the screen. Studies 
which control for object placement and the quick cuts production tech- 
nique are needed. Future research should also consider whether the 
s^jibjects' tendency toward the center of the screen when such a sequence 
occurs is a coping phenon:enon or a withdrawal frai a difficult task. 

The subjects could be asked specific questions on their perceptions to 
ascertain the effectiveness of the central pattern of viewing. 

When the effects of a direct auditory cue and a visual cue in 
the fom of a superimposed word were analyzed, it was found that these 
cues only draw the subjects' attention to the specific areas to a small 
extent. Other types of visuals appear more effective than the superim- 
posed word. Research on the most effective type of auditory cue is 
■leeied. 



One aspect of the density analysis was a comparison between 
High and Low IQ groups on many of the scenes. The most pronounced dif- 
ference between these two groups occurs on two of the scene sequences 
vViich have recurring elements: (l) the scene from the Ajax cc&imcrcial 
which has words on the right and a box with words on the left and wliich 
appears tvace in the commercial, and (2) the Split Screen sequence which 
}jhs one blank side and one side filled with objects in yo.lO and both 
sides filled with objects in 26.20. On both of these sequences, the 
High IQ subjects show a mobility of viewing in that they shift their 
center of attention frexn the objects they viewed in the first scene to 
other objects when the second scene in each sequence appears. In con- 
trast, the Low IQ subjects show a stability in viewing in that they still 
lock mainly at the objects viewed in the first scene when the second 
scene of each sequence appears. The vie*wing pattern for both groups is 
fairly consistent for these two sequences. The difference between IQ 
groups may he related to speed in responding to the stiioalus. On the 
scene from the Ajax comir*ercial, the High IQ subjects may be faster 
readers and thus they were ready to move to other stimuli the second 
time the scene appeared. Similarly, on the Split Screen sequence, they 
may have taken a shorter time to respond to the objects on the filled 
side of the screen and thus were ready to move to the new objects which 
were presented in 2(S.20. For the Low IQ subjects, the opposite n^ay have 
been tnie. This explanation appears to be the most plausible although 
another possibility is that the Low IQ subjects foiuid certain objects 
more interesting than others and thus those objects retaine?d their atten- 
tion longer. 
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Comparisons were also made on a few scenes between High Age, 
Middle Age, and Low Age groups. The only striking difference occurs be- 
tween the High Age and Low Age groups on the repeated presentation of 
the scene from the Ajax commercial. On that sequence, the High Age group 
responds with a mobility of viewing almost identical to the Hi ^h IQ group 
discussed above and the Low Age group responds with a stability of view- 
ing almost identical to the Low IQ group. This response was also evi- 
dent in the Split Screen sequence although not to as great a degree. 

The same explanation of speed of reaction as well as interest could be 
advanced for the difference in the age groups. 
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CIL^^PTER IV 



CONCLUSIONS 



Since this re search vas exploratory, any C')ri civs ions must be con- 
sidere-d tentative. With tliiG reser ation, the follo'/lng conclusions may 
be drawn frcaoi the rosvlts: 



1. Data of children 's eye movements gathered while they viewed 
motion picture films and te?.elessons fal^ along a co3:itinuum 
rather than in; ) the dichotoniy of fixations and sac cades 
reported by eye- movement researcher in the field of reading. 



Four fairly distinct intervals were observed in this continuum and 
data were classified ac; jrdingly. Eye movements falling into these 
intervals were defined uS follows: 



No Obse'^Vible KoveHients (N0?4S) 
Minimov i nt s ( INS) 

Small Saccades 

Large Saccades 



0-4.2 degrees/ second 
4.2-11.4 degrees/ 
second 

11. 4-47*4 degrees/ 
second 

Above 47.4 degrees/ 
second. 



That these intervals are distinct is partially supported by some 
of the correlational analyses. For examiple, with intelligence as the 
independent variable, NdlS show a negative correlation, MINS a positive 
correlation, SHkall Saccades a negative correlation and Large Saccades 
a positive correlation. 

The eye-movemer^ indices identified parallel, in large part, the 
types of eye movements observed in the pilot study. 



2. Age does not appear to be related to any great extent to 
the subjects’ eye movement,:. 

No significant relationships we-"e founj between the ages of sub- 
jects and the types of eye movements they display. In addition, the 
age of the subject influences where he looks only on a few scenes. On 
one sequence of scenes (Ajax commerci'^1) there is a marked difference 
between the High Age and Low Age subjects, and on another scene se- 
quence (Split Screen) slight differences occur. Comparisons on these 
scenes show a mobility of viewing for :he High Age subjects and a sta- 
bility of viewing for the Low Age subjects. In other words. High Age 
subjects shift their \uewing to dilferert objects on the second scene 
In each sequence while Low Age subjects view the SBJTie objects fran scene 
to scene. 
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3. Intelligence is related to certain eye movaients of 
$ub^ects . 

The one predictor variable in the multiple regression equations is 
intellige'.c with No Observable Movements and I'iniiriovements . For NOJIS, 
the relationship is negative and for MINS, the relationsliip is positive. 
This finding verifies a similar one in the pilot study that a relation- 
ship does exist between these eye-movement indices and intelligence. 

The direction of the relationships in the two studies is opposite, how- 
ever, since NOMS correlated positively and MINS negatively with intelli- 
gence in the pilot study. The indication is that the variable of motion, 
i.e., whether the scene is Static or Dynamic , may have affected the 
difference in direction of the relationship in the two studies. 

On the density analysis, High and Low IQ subjects display differ- 
ent patterns of viewing on the AJeix cccmiercial sequence and the Split 
Screen sequence. There is a mobility of viewing fran scene to scene in 
each sequence for the High IQ subjects and a stability of viewing from 
scene to scene for the Low IQ subjects. 



Eye-movement indices are not related to the subjects' 
learning on the stimulus films. 

Learning scores were obtained using two instruments, one which 
tested the subjects' visual recognition of portions of various scenes 
and the othe ’ vMch tested the subjects' recall and understanding based 
upon the visual and auditory recall caibined. Separate regression 
analyses were run on each of the four eye-novoiment indices for both of 
the learning measures. In no instance did the learning scores add sub- 
stantially to the prediction of the criteria. This finding adds suppoib 
to a .similar finding in the pilot study vheie test scores on recall were 
not found to be related to the eye -movement indices. 



5. Various stimulus variables have an effect on the type of 
eye movements displayed as well as the objects subjects 
view. 

Tlje scene variable v;hich has the most effect on the type of eye- 
rnovement indices displayed is motion. Dynamic scenes, when compared to 
Stati : scenes, have fever ]lo Observable !/ove!.ents, more Minimoverrieuts , 
more email oeocados and more large Sa 'cades. fh;>o with moving 

objects induce more eye movements than Ptatic sci ncs. scenes, 

wh:n crenpared with .No-Reversal scenes, also .’nduec fcv.c? tlT'5, more 
MING, I. ore fmall faccades and more Iar,*e Saccadcs. Thciefoie, they ^lave 
the saivc effect on eye iTiQver.erits as do Dyn.a.’-.ic ccer.es. 

’.'ovcity and Complexity do not have an inriuoi'cc o:\ the tyoes of 
eye movcr.ents subjects display, but they do iuflvionce vhere the subjects 
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look. Subjects look more at the novel object than at familiar objects 
in the scene. However, when the scene beccmes extremely ccmplex, the 
subjects no longer look more at the new element. Rather, they divide 
their eye-movement responses fairly equally among all the objects in 
the scene. 

That Complexity or the number of elements in the field has an 
effect on \;here the subjects look was evident when a scene with one 
object, a simple field, was compared to a scene with several objects, a 
ccmplex field. On the scene with one object which was surrounded by 
blank space, of the eye markers were located on that object. When 
a more complex field was analyzed, the eye markers were scattered among 
the several objects. 

Different types of scene classifications elicit different types of 
eye movements. Scenes which were classified as Unclear, Multi center 
(with widely- spread objects), Unambiguous and having Indirect Axiditory 
Cues elicit more Large Saccades than scenes with classifications of 
Clear, Unicenter, Ambiguous and having Direct Auditory Cues. Scenes 
which are classified as Clear and having Arousal characteristics elicit 
more Small Saccades than classifications of Unclear and Tranquil. Inte- 
grative scenes have more NC^-IS and fewer MINS than Distractive scenes. 

Other comparisons showed that Unicenter scenes have more MNS than Multi- 
center scenes, and Ambiguous scenes have more NOf'S than Unambiguous 
scenes. Thus, various scene variables influence eye movements. The 
most influential are the classifications of Dynamic- Static and Reversal- 
No-Reversal. The eye-movement index influenced the most by scene vari- 
ables is the Large Saccades. It appears from the data analysis that 
scene variables are more influential than the type of film on eye-movement 
indices. 
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APPENDICES 



APPt^NDlX A 



LETTERS TO PARENTS 

Below is a copy of the letters sent to the parents of one group of 
suh^=^cts, the high school students, requesting perinission for their child 
to participate in the experiment . 

Dear Parents; 

Some eleventh graders at High School are being considered for 

participation in a cmrent research project sponsored by the United 
States Office of Education and carried out at The Ohio State University 
by the Bureau of Educational Research and Service. The title of the 
project is "Educational Television and Perception," 

With your permission, one day in the near future your child will be one 
of a group brought from school to the University in a car driven by one 
of the research staff for a complete eye examination at the University's 
Optometric Clinic , You will be informed should the examination reveal 
that your child needs corrective lenses. 

Later in the spring a few youngsters will be retimed to the University 
singly for a two -hour period during which they will watch an educational- 
television program under controlled experimental conditions. During the 
viewing the child will be weaa’ing on his head an experimental apparatus 
which will be fitted to him to assure maximiom comfort. This apparatus 
has been used previousJ.y with pupils in a similar study. If you have any 
question regarding the research program, Mrs. de Groot of the research 
sta.ff (phene; CY 3-5068) will be glad to teilk to you. 

Your school principal, and the Board of Education are 

cooperating whole-heartedly in this project to ex.^ine how children 
learn from visual presentations. Every effort wiJl be put forth to rnaXe 
this a worthwhile experience for your child. Please sign below to indi- 
cate your approval and have your child return the slip to his homeroom 
teacher. Thank you. 



Sincerely yours, 



Wiliavene Keif, 

Division ot' j'lanning and Methodology 
Hi.ireau of Flu national Research and Service 



1 hereby permit my child, , to participate 

in the research project "Educational e vision njid Perception." 

(S 3) 



1^1 




APF'I*n^IDlX B 



OPTOMETRIC EXAMINATION SHEET p-'OR VISUAL SCREEIIIMG 

Below are listed tl.e various optometric tests conducted upon each 
subject. The subject listed in the exa/nple was rejected from use in the 
experiment , 

Name: Sex: F 

Address: Phone: 

Parent's Name: 

School: 

Visual Acuity: O.D. 20/^0 O.S, 20/60 O.W. 20/50 

Color Test : Negative 

Retinoscopy: O.D, -1,2^ = -0,2 ^x6Q'' 

O.S, -1.7^ sph 



Ophthaloraoscopy : Fundi normal-media clear 

Phorias: 1 ^ eso, no hyper, 



S upression : 


None 


Aniseikonia: 


None 


Cyclorphoria: 


None 


Stereopsis: 


100" 



o 
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APPENDIX C 



IHE CRITERION INSTRUMENTS: Visual Recognition (VR) and 

Visual Auditory Recall (VAR) 

After each experimental session, the post-tests were administered to 
the subject. The two post-tests were based on visual recognition (VR) 
and understanding and recall of the visual and auditory portions of the 
films (VAR). A representative item from VR is presented below with the 
instructions which accompanied the tests. There were 21 such items in 
the test. 




Figiu'C 2^ - A Representative Item from VK, Scene 4.2 

Instructions on VR: TRis test will show some pictures liRe those 

you have just seen in the television lesson. You will see several pic- 
tures at the same tirrie. Choose the one that : i most like what you saw 
in the film. Make a maik on the answer sheet by blackening in the answer 
space for the correct picture. Do this for each group. You must make 
a choice for each question. 
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VAR 



A true -false test vras constructed to evaluate the recall and under- 
standing based upon the vis-jal and auditory portions of the films combined. 
This test is presented in its entirety following the instructions which 
accompanied it. 

Some of the following statements are true and some false. 

If the statement is true, circle the ’'T" at the right. If 
the statement is false, circle the "R", Do this for each 
question. Answer each question. Please go as fast as you 
can. 



1, The atmosphere regulates the earth ^s temperature by absorbing T F 

the cold air, 

2, Clouds reflect sunlight back into space during the day, T F 

3* The reason the equator has more heat than the poles is because 

the sun's rays are more spread out at the equator, T F 

4. Although the poles receive less heat from the sun, all of the 

heat is absorbed, T F 

5. The motion of air keeps the equator from getting hotter and 

hotter, T F 

6, Air masses do not mix gradually but at sharp boundaries. T F 

7. Advancing ^’fronts” move from V/est to East. T F 

8, At ni^it clouds permit the earth's heat to pass right through 

to outer space, T F 

9, One of the major costs of using sea water for crop irrigation 

is in purifying the water, T F 

10. Less than one-half of the earth is covered with water, T F 

11. The "water crisis" will probably never be solved unless there 

is co-operation among nations, T F 

12. The earth's total supply of water is constantly decreasing. T F 

13 . In 19'"^0 there were about six billion people on the earth, T F 

14. The path of a single drop of water casi bo acciu'ately 

followed, T F 
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15. 



The film indicates that only small countries should co-operate 



in utilizing the available water* T F 

l6. There is as much water now as there vras 100 years ago, T F 

17* Water is necessai'y for all forms of life, T F 

l8* In the 'Vater cycle" one- quarter of the water is in the air, T F 

19, An axis can be thought of as an imaginary line around which 

an object turns, T F 

20, The horizontal axis of an airplane runs from wing to wing, T F 

21, The vertical axis may be found by jabbing a pencil into the 

airplane and seeing where it comes out, T F 

22* The axis line which runs from the nose of the airplane to the 

tail of the airplane is also called "pitch," T F 

23, Tine "elevators" control the amount of rotation about the 

airplane's horizontal axis, T F 

24* If the elevators of the airplane go down, the nose of the 

airplane goes up. T F 

25* An airplane has three axes. T F 

26. Water polluted by industry can be made reusable. T F 

27. North America lies in a region of mild frontal activity. T F 

28. Frontal waves help to cool the equator. T F 

29. Rain is part of the water cycle, T F 

30. All of the axes of an airplane cross at one point. T F 

31. All of an airplane's movement is around one of the two axes 

lines which run through the airplane. T F 

32. By the year 2000 there will be more than twice as many 

people as there were in I9OO. T F 

33. The warm a:id cold air around the earth mix gradually. T F 
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.awshe*s technique in Guion Personnel Testing , 



APPENDIX F 



Subject 

Number 



High IQ, 


1 


High Age 


2 




3 


High IQ, 


4 


Middle Age 


5 




6 


High IQ, 
Low Age 


7 

8 


9 


Middle IQ, 
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11 

12 


Middle IQ, 


13 
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l4 




15 


Middle IQ, 
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Low Age 


17 
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Low IQ, 
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Low IQ, 
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Low Age 


26 
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|erJc 



SUBJECT DATA 
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26 
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8 


17 
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12 


27 


127 
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11 


26 


138 
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32 
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32 
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33 


111 


201 
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23 
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ORIGIN or WEATHER (Scenes 2.01 - 9.01) 
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■’The Scer.jrio was prepared as a working copy for project use. The personne] were thoroughly 
f am; Mar w?r'i t^c scenes; therefore, the Scenario merely served as an aid in recall. It »s 
included fo' the reader who wishes lo scrutinize t!.e films. 
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807-871 Clouds form at mtddle bottom of arc 1 rnes moisture condenses 

just above the city, but a little left. into clouds. 

City meets front at 849. Rest of scene is 
same as 7 -5K 
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19^-193^ Left hand (right side of screen) moves we have our 

forward down fuselage of model airplane. horizontal axis; 
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579“640 Narrator moves left hand (middle of through the wing, 

screen) from wing toward his body, 
reaching body at 611. Then he moves 
left hand from left to right and down 
to back end of plane in 611-640, 
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17*20 676-681 Ajax box Box moves and turns sideways right 
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round bubble taking up the 
the screen. 



1 8. ^ 469”j>^7 Splash At frame 469 there is a white bubble 

at center, more towards the top. In 
frame 470 the bubbl e bursts and con- 
tinues to burst through 534-547* The 
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20.30 933-980 Droplets the specks become drops and the crystals 

disappear at about 949. Rest same. Clouds 
visible in background. 
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23*10 l409“1^9 At 140& a new tree with white lines 

begins to grow, superimposed on the dark 
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new one comes up from other side (1730- 
17^). Remains stationary from I7^“175K 
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( 27*0 263^^50 Direction of movement 

of water In cycle) 
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27.24 392-415 Scene changes. Artist employs lines to 

make changes. Ridgy lines on right 
become mountains. All arrows disappear. 

Left side becomes water. Cloud remains. 
Water, mountain, and clouds are dark. Rest 
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Airplanes are superimposed on blueprints preplanning; 
crossing the three large pipes, on a mi seal cul at ions 

bit of a diagonal, about center of screen. can mean 

Scene is static. 
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in shower Man in shower upright at center of screen Music 

(top to bottom). Shower nozzle at top 
Center spouts water which flows over man’s 
head and shoulders. Backnrnund is dark. 
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3^.80 269-287 Man drinking water Head and shoulders only, of man at center. 

Background is crossed lines. Man is leaning 
back, head turned left. Cup in hand on left 
s I de. 
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36 . 3 ^ 1511-1651 Circles become raindrops falling from Will th 

top to bottom and diminish somewhat. enough? 
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38.1 ]“ 7 ^ old man Background is dark with a couple of The question in 

white patches here and there. Shoulders human terms 

and head are about in center of screen. 

Static scene. Beard stands out. Head 
piece also stands out. 
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39-03 ^7-553 Dotted lines continue to move, but camera earth or beneath 

(and thereby major objects) does not. the earth. 
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APPENDIX H 



TAPE AND DATA FORMATS 





BLOCK LABEL FORMAT 



I 

I 

I 

I 



Film 

Serial N° 


Film 

Section N® 


Film Section 
Record N® 


Missing Data 
Frame Count 


Total 

Frame Count 


■0 56 11 12 17 18 26 27 35 



BLOCK 1 DATA 


PORMAT (Transformed Units) 


Xi 


Yi 


Xi+i 


Yi+i 



0 89 17 18 26 27 35 



BLOCK 2 DATA FORMAT 







Error 


Avg, Dia, 






V 


Code 


Eyeraarker 


Tan 



8 9 



20 21 
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0 



17 18 



26 27 



35 



APPEITDDC H (continued) 



25& Film frames /record 5 2 fixed length blocks per record, unused portions 
of last block pair for each film section filled vith zeioes. Data in 
Block 1 packed 2 film frames/vord. Data in Block 2 packed 1 film frame/ 
word. All data binary integer except tan 9 , given in l*s complement with 
G bit fraction. 



PRIMARY DATA TAPE FORMAT 



BLOCK LABEL FORMAT 2 words 



Subject 


Film 






Sequence N® 


Section N® 


Initial Frame N® 


Final Frame N® 



0 56 11 12 23 24 35 



Next Subject 


Next Film 


Next 


Next 


Sequence N® 


Section N® 


Initial Frame N® 


Final Frame N® 



BLOCK DATA FORMAT - 256 words 



Index N® 


VI^G 


ViHI 


Tag = 2 1 




1 


X* 



0 1 34 ITl2 1718 20 26 3031 35 



Data packed 1 frame/word, 256 frames per block with the unused ,?rtlon 
of each block of a section filled out with zeroes. Data sequential by 
ascending section N®s and by subject sequence N®s within sections, 

VMAG units 3' arc. VMAG > 377a (12® 45’) given as 377a. 

VFHI units 6®. 0 < VPllI < 60 with WHI = 0 indicating undefined direction 
(VMAG ^ 0), 

Bito = 0 indicates VMAG and VIRI data present, 

Bito = 1 Missing. Missing VI'iAG and VIRI data given as zero. 

x*y' units Y used as base register, address bits of packed 

data word point to entries in 24x32 array, which corresponds to original 
stimulus field (x’o to 30 , y*o to 23) with an extra unused column vector 

(x^ = 31). 
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J80 



Indicates missing data. 

Indicates position external to field. 



X' = 0, y = 0 (ooooog) 

X' = 30, y = 0 (00036s) 

X' = 0, y' = 23 (01340e) Indicates position of corners. 

VMAG DEFINITION 

VHAGi = {(Xi+i - Xi)2 + (Yi+i - 
Result computed as rounded integer 

Vffll DEFINITION 

Vfflii = TAN'^ {(Yi+i - Yj/(Xi+i - Xi)} 

Result computed as rounded integer 
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APPENDIX I 



DtNSITY CLLSrcHS HIGH aGE- iUBJ l.i ritPOPE RAYS 
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182 



OENSITY PICT h!GH AGE SUBJ SC 2.3 BEFQRE RAYS 



3 



1 



1 1 2 

3 2 1 

I 2 

2 I ^ 

I 15 

3 I 

4 I 
6 28 

6 9 8 

3 3 



I 

I 

10 I 3 9 

29 29 12 12 
12 19 28 29 
3 7 2 25 

21 15 27 7 

I 19 26 5<r 
6 2 3 7^ 

18 
9 



3 

3 11 
12 9 6 12 

4 18 0 2 

ll 21 5 

35 ^5 8 

57 55 ^ 10 

R3 27 12 2 

53 28 13 
18 7 2 

1 1 16 
11 12 16 
2 



2 2 
7 

6 19 1 13 

I 40 a I 5 

3 22 10 16 

4 16 2 I 

9 15 

1 6 13 

2 I 
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APPENDIX J 



High Age 



Medium Age 



Low Age 







OVERALL DESIGN 

THREE FACTOR - REPEATED MEASURE 



IQ 



S3 



S4 

Medium IQ S5 

S6 

S? 

Low IQ Sg 
S9 



FILMS 

2 3 



IQ 



Low IQ 



SlO 

gll 

S12 



S13 

Medi\3jn IQ Sjl4 

S15 



517 

518 



High IQ 



^19 

520 

521 



S22 

Medium IQ S2 
S2 



Low IQ 



525 

526 

527 



179 



180 



FILMS 



STJMMilRY TABLE 



Source of Variation 


df 


F 


Between Ss 






IQ 


2 


MSxq/MSss/Iq^ Age 


Age 


2 


^"^^Age/^^Ss/lQ, Age 


IQ X Age 


4 


^^IQ X Age/^Ss/lQj Age 


Ss/IQ, Age 


18 




Total 


26 




Within Ss 






FiLas 


3 


^"^^Fi 1ms Films x Ss/lQ, Age 


Films X IQ 


6 


^Fi]ms X IQ/^Films x Ss/lQ, Age 


Films X Age 


6 


^"^^Films X Age/^'^^Films x Ss/lQ, Age 


Films X IQ X Age 


12 


MSFiims X IQ X Age/^’^Fiims x Ss/lQ, Age 


Films X 5s/lQ, Age 


54 




Total 


81 




total 


107 






18 G 



